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ABSTRACT 



Context. Evolved low-mass stars (0.8 < M/M Q < 2.5) of a wide range of metallicity bear signatures of a non-standard mixing event 
in their surface abundances of Li, C, and N, and in their I2 C/ 13 C ratio. A Na overabundance has also been reported in some giants 
of open clusters but remains controversial. The cause of the extra-mixing has been attributed to thermohaline convection that should 
S_i ■ take place after the RGB bump for low-mass stars and on the early-AGB for more massive objects. 

Aims. To track the occurrence of this process over a wide mass range, we derive in a homogeneous way the abundances of C, N, O, 
and Na, as well as the 12 C/ 13 C ratio in a sample of 31 giants of 10 open clusters with turn-off masses from 1.7 to 3.1 M Q . The sample 
includes red giants, clump giants, and early-AGB stars. We study the observational behavior of the abundances as well as the possible 
correlations between different elements and between the chemical abundances and stellar mass. 
Methods. A model atmosphere analysis is conducted using high signal-to-noise ratio, high-resolution FEROS and EMMI spectra. We 
derive atmospheric parameters using Fei and Fen lines. We calculate abundances for Na, C, N, and O, as well as the 12 C/ 13 C ratio 
using spectral synthesis. For the elements Mg, Ca, Si, Sc, Ti, V, Cr, Co, and Ni, abundances are derived using equivalent widths. 
Results. A group of first ascent red giants with M/M < 2.5 exhibits lower [N/C] ratios than those measured in clump giants of the 
same mass range, suggesting an additional increase in the [N/C] ratio after the first dredge-up. The sodium abundances corrected 
from NLTE are found to be about solar. [Na/Fe] shows a slight increase of 0.10 dex as a function of stellar mass in the 1.8 to 3.2 M Q 
range covered by our sample, in agreement with standard first dredge-up predictions. Our results do not support previous claims of 
sodium overabundances as high as +0.60 dex. An anti-correlation between 12 C/ 13 C and turn-off mass is identified and interpreted as 
being caused by a post-bump thermohaline mixing. Moreover, we find low 12 C/ 13 C ratios in a few intermediate-mass early-AGB stars, 
confirming that an extra-mixing process also operates in stars that do not experienced the RGB bump. In this case, the extra-mixing 
possibly acts on the early-AGB, in agreement with theoretical expectations for thermohaline mixing. 



Key words. Stars: abundances - Stars: evolution - Stars: interiors - Stars: atmospheres - Open Cluster and Associations: individual: 
IC 2714, IC 4756, NGC 2360, NGC 2447, NGC 3532, NGC 3680, NGC 5822, NGC 6134, NGC 6281, NGC 6633 

1. Introduction creases the photospheric abundances of 3 He, 13 C, and 14 N and 

decreases t hat of 12 C as a fu nction of the initial stellar mass and 

In the standard model of stellar evolution, convection is the only metallicity (|Charbonne]lll994l) . The surface abundance of these 

mechanism that can drive mixing in stellar interiors. In this con- elements can thus be used to test our understanding of the stellar 

text, the only expected mixing episode between the main se- evolutionary mixing processes 
quence (MS) and the tip of the red giant branch (RGB) is the 

so-called first dredge-up (|lben||l965|), a deep convective enve- The observed surface abundances of subgiants and low- 
lope that transports nuclear-processed material to the surface, as luminosity RGB stars have been sho wn to agree with values 
the star approaches and begins to climb the RGB. predicted by first dredge-up models dCharbonnel et alj 119981: 
During the MS, hydrogen burns by means of the pp-chain Gra tton et"alj |2000). However, accumulating observational evi- 
and the CNO-cycle. Proton-capture cycles that require higher dence indicates a further increase in N and decrease in Li, C, and 
temp eratures, i.e., the NeNa and MgAl cycles, remain ineffec- 12 C/ 13 C for low-mass RGB stars just after the luminosity bump. 



tive dWeiss & Charbonnelll2004l). except in stars more m assive This extra- mixing phenomenon has been detected in giants of 
than ~ 25 M n dDecressin et alj2007tlPrantzos et alj2007l) . Thus, both open dGilroyl [19891: iGilrov & Brownl [19911 ILuS [19911: 



in low-mass stars, the material mixed by the first dredge-up in- Tautvaisiene et al. 2000, 2005]) an d globular clusters (Shetrone 
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20031: iPilachowski et al.1 120031: iRecio-Blanco & de Lav ernv 



20071 and r e ferenc es therein), as w e ll as i n field stars 



Observations collected at ESO, La Silla, Chile (programmes 56.A- dSneden et ail 119861 : ICharbonnel et al.l 119981: iGratton et al 



0285 and 65.L-0026A). l2000h . including extremely metal-poor giants dCohen et al 



2 



R. Smiljanic et al.: CNONa and C/ C in giant stars of 10 open clusters 



2006; Spite et al. 2006), and in extragalac tic systems such a s 
the LMC (ISmifh et al.ll2002l) and Sculptor dGeisler et alj |2005). 
These observations suggest that we are witnessing the effects 
of a universal process that is independent of environment, 
able to operate at all metallicities (although possibly with 
different efficiencies), and connected to the luminosity bump 
( ICharbonnel & Do N ascimentol l 19981) . 

Effects connected to rotation have long been suspected as 
being the origin o f the e xtra-mixing, as first suggested by 
Sweigart & Mengel (1979). In particular, the most probable 
mechanism has been proposed to be the interaction between 
meridional circu l ation and turbul ence induced by rotation, as 
derived by IZahnl (1 19921) (see also ICharbonnel|[T995 ). However, 
the maximum- r otation induced mixing scenario developed by 
IChaname et alj d2005l) . as well as the evolutionary mo dels for 
low-mass, low-metallicity stars of iPalacios et alj d2006l) . which 
take into account the transport of both angular momentum and 
chemicals induced by meridional circulation and shear turbu- 
lence self-consistently, show that these processes alone cannot 
explain the observations. 

Th e 3D modeling of a low-mass RGB star by Dear born et alj 
(2006) provided fresh insight into t he physical mechanis m in- 
volved. Based on these simulations, Egglet on et alj ((2006) sug- 
gested that the process resbonsible was a molecular-weight in- 
version created by the 3 He( 3 He,2p ) 4 He reaction in the externa l 
part of the hydrogen-burning shell. ICharbonnel & Zahnl d2007a) 
identified the related transport mechanism as the double dif- 
fusive instebility_j3ftenref^rra convection 
dSterdl!960l:luir^[T972l:lKippenhahn et aIlfT980h . and showed 
it to be able to reproduce the observed Li, C, and N abundances, 
as well as the carbon isotopic ratio in RGB stars after the bump, 
while simultaneously destroying most of the 3 He produced on 
the MS. 

In addition t o the extra-mixing event in l ow-m ass stars at 
the RGB bump, Charbonnel & Balach andranI ([2000) suggested 
a possible extra-mixing episode in intermediate-mass stars (2.5 
< M/M < 5.0) that undergo the equivalent of the bump only dur- 
in g the early- AGB phase, after He-core exhaustion. As discussed 
in Charbonnel & Balachandran (2000), these two instances of 
extra-mixin g would be connect e d to t he nature of the lithium- 
rich giants. Cantiello & Langer (2008) reported that thermoha- 
line mixing can indeed be present during core helium-burning 
and beyond in stars that still have a 3 He reservoir. 

On the observational side, it has long been discussed whether 
RGB extra-mixing could modify the abundances of heavier ele- 
ments, namely Na, whos e abundance in red giants has received 
considerable attention dHamdani et al.l l2000t iJacobson et alj 
120071; [Sestito et all2 008. and references therein). Although some 
works have detected a sodium o verabundance, some contr oversy 
still exists. For example, while Tautvaisiene et al. (2000) found 
giants of M67 to be sodium-enriched, Ran dich et alj d2006l) did 
not find these overabundances and, moreover, showed unevolved 
stars in this same cluster to have the same sodium abundance as 
the evolved stars. 

Additionally, few works in the literature de termined car- 
bon isotopic ratios in g i ant stars of open clusters(lGilroyl fl989; 
Gikov & Brownl 1 1991b iLuckl Il994t ITautvaisiene et al.l T2000, 
2005). Only the last three of these studies also derived abun- 
dances of C, N, O, and Na. Obviously the simultaneous de- 
termination of all these elements in a homogeneous analy- 
sis is important in constraining the mixing mechanis ms as 
well a s th eir possible dependence on stellar mass. iGilrovl 
dl989l) and iGilrov & Brownl dl99ll) found that giant stars in 
open clusters with turn-off masses lower than 2.2M showed 



a decreasing carbon isotopic r atio w ith decreasing turn-off 
mass. On the other hand, ILuckl d 19941) also found some stars 
with low carbon isotopic ratio among clusters with turn-off 
masses higher than 2.2M . The latter stars might be connected 
to the extra-mixing during the ea rl y-AGB, as sugges t ed by 
ICharbonnel & Balachanciranl d2000l) . ITautvaisiene et al.l (l200o() 
found a small difference between the isotopic ratios of clump 
star and red giants in M67, alth ough a similar difference was not 
found in stars of NGC 7789 by ITautvaisiene et alj (120051) . 

It is clear that much work is required both on the theoretical 
and observational sides to improve our knowledge of the mix- 
ing processes in low- and intermediate-mass giant stars. In the 
present paper, we increase significantly the number of giants in 
Galactic open clusters analyzed so far. We derive abundances of 
several elements, in particular C, N, O, and Na, as well as the 
12 C/ 13 C ratio for a sample of clump and red giants of 10 open 
clusters. In Sect. [2] the observations are described. In Sect. [3] we 
discuss the determination of the atmospheric parameters, and in 
Sect.|H we present the abundances. In Sect. f5J we determine the 
evolutionary state of each sample star, and in Sect. [6] we discuss 
the results and their implications. Our conclusions are drawn in 
Sect. 13 



2. Observations 

Observati ons of 24 giants we re conducted with the FEROS spec- 
trograph (Kau feretaill 19991) at the ESO 1.52m telescope at La 
Silla (Chile). FEROS is a fiber-fed echelle spectrograph that pro- 
vides a full wavelength coverage of AA 3500-9200 A over 39 
orders at a resolving power of R = 48 000. All spectra were 
reduced using the FEROS pipeline software. Typical signal-to- 
noise ratios (S/N) ranged between 125 and 370 at 6700 A. 

We also reanalyzed spectra of the se ven red giants o f NGC 
2360 and NGC 2447 first analyzed by lHamdani et all d2000l) . 
These spectra were obtained in 1995 using the EMMI spectro- 
graph attached to the ESO NTT 3.5m telescope at La Silla. The 
spectra have a wavelength coverage of AA 4050-6650 A with 
R = 28 000. The S/N varies between 73 to 236 at 6600 A. The 
log book of the observations is given in Table Q] The table in- 
cludes the V magnitude of the Geneva photometry when avail- 
able, and from UBV photometry otherwise, the [B - V] index of 
the Geneva photometry, the B — V of the Johnson UBV photome- 
try, and the signal-to-noise ratio per pixel of the extracted spectra 
for the specified wavelength. The adopted numbering follows the 
WEBDA database^ We also give the HD, DM or Tycho- 2 iden- 
tificat ions when available, or numbers in the system of (Eggen 
1 19681) for NGC 2360. The Julian Dates refer to the middle of the 
exposure. The exposure times are also listed. 

2.1. Sample clusters 

The data of the open clusters included in the sample are listed 
m Table [2] The [Fe/H0 value is the average of all values ob- 
tained for individual stars in this work. The other adopted pa- 
rameters, (m-M), E(B-V), age, and distance, of NGC 2360 
and N GC 2447, are the same as those listed by Hamdan i et al.l 
(I2000I) . For NGC 6 1 34, we adopt the parameters determined by 



1 The WEBDA database is a large database for stars in Galactic open 
clusters developed by Jean-Claude Mermilliod and now maintained 
by Ernst Paunzen of the Institute of Astronomy of the University of 
Vienna. The database can be accessed in the internet at the address: 
http://www.univie.ac.at/webda/ 

2 [A/B]= log [N(A)/N(B)]* - log [N(A)/N(B)] Q 
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Bru ntt etal.l (fT999). For the other clusters, new parameters were 
determined in this work using UBV photometry obtained from 
the W EBDA database, and Geneva isochrones (ISchaller et al.l 
1 19921) with metallicity Z = 0.020. Two values of the turn-off 
mass were determined using the corresponding ISchaller et all 
(1992) isochrone. The blue turn-off was defined to be the bluest 
limit of the isochrone, excluding the very short-lived phase just 
after core-H exhaustion, as indicated by point B in Fig. 1 of 
Maeder & Meynej] dl99l|) . The red turn-off is defined to be the 
reddest point just before the short blueward excursion , as indi- 
cated by point R in Fig. 1 of Ma eder & Meynej (Il99ll) . We also 
list the mass at the clump as given by the isochrones, where the 
clump is defined as the point of lowest luminosity after He igni- 
tion. Finally, the G alactocentric distance of the cluster given by 
IChen et al I (120031) is given. The color-magnitude diagrams and 
isochrones of all clusters are shown in Figs. Q] and |2] where our 
sample stars are identified as black dots. 

3. Atmospheric parameters 

3. 1 . Equivalent widths and atomic data 

The atomic-li ne list adopted i n this work is the same as the 
one used by lHamdani et al.l d2000l) with the addition of a 
few Fen lines. For elements oth er than Fe, the same oscil- 
lator strengths (gfs) as used by lHam dani et all (I2000I) were 
adopted. For the Fe n lines, the gfs are those r enormalized by 
Mele ndez & Barbuvl (I2009I) . and also used in Smiliani c et all 
d2006l) . The Fe 1 gfs a re preferential l y take n from the critical 
compilation of data bv lFuhr & Wi ese (2006) complemented by 



values from the NIST web database dRalchenko et al.l2 005). The 
solar iron abun dance adopted for the ca lculations is the one rec- 
ommended by|&evisseASMva3<[i99i), A(Fe) = 7.50. 

For the stars in common with Hamda ni et all (|2000|) . new 
equivalent widths (Ws) were measured only for the additional 
Fen lines, while the original measurements for the remain- 
ing lines were adopted. The new Ws were measured by fit- 
ting Gaussian profiles to the lines using The same nor- 
malization of the continuum as used in previous measurements 
was adopted, to ensure consistency between them. We refer the 
reader to the original work for further details of the line list and 
the data reduction. 

For the new data, the fitting of the continuum and the mea- 
surement of the Ws were conducted using the PeakFit software. 
New Fe n lines were then added to the line list after these mea- 
surements, and in this case, new Ws of the Fen lines were 
also determined by fitting Gaussian profiles with IRAF. The 
same continuum normalization was adopted in both cases. A 
comparison between the Fe n Ws measured with Peak Fit and 
IRAF showed excellent agreement. Lines with equivalent widths 
smaller than 10 mA and larger than 150 mA were not used in our 
analysis. The new equivalent widths measured in this work are 
listed in the Appendix, Tables lATl to I A.4I 



3 IRAF is distributed by the National Optical Astronomy 
Observatory, which is operated by the Association of Universities 
for Research in Astronomy, Inc., under cooperative agreement with the 
National Science Foundation of the USA. 
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(B-V) 



Fig. 1. The fitting of the colo r-magnitude diagram s of the clusters IC 2714, IC 4756, NGC 2360, NGC 2447, NGC 3532, and NGC 
3680 with the isochrones by Sch aller et al.l d!992l) . used to determine the turn-off mass of the clusters (except for NGC 2360 and 
NGC 2447, see text). The observed stars are shown as full circles and are identified by their numbers. The parameters adopted for 
the fittings are the ones listed in Table [2] 

Table 2. Physical data of the open clusters adopted from the literature or calculated in this work (see text). 
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1057 


-0.01 


2.44 


2.74 


2.79 


6.51 


NGC 3532 


8.50 


0.04 




8.55 


473 


+0.04 


2.67 


2.96 


3.03 


7.87 


NGC 3680 


10.07 


0.07 




9.25 


935 


+0.04 


1.46 


1.70 


1.74 


7.45 


NGC 5822 


9.65 


0.14 




8.95 


697 


+0.04 


1.89 


2.14 


2.19 


8.10 


NGC 6134 






0.263 


8.85 


1410 


+0.12 


2.08 


2.31 


2.37 


7.52 


NGC 6281 


8.95 


0.13 




8.50 


512 


+0.05 


2.78 


3.09 


3.18 


8.47 


NGC 6633 


8.50 


0.18 




8.65 


388 


+0.08 


2.44 


2.74 


2.79 


8.42 



3.2. Determination of the atmospheric parameters 

Atmospheric parameters of the sample stars were determined us- 
ing the standard spectroscopic approach. The effective tempera- 
ture (T e ff ) was calculated by assuming the excitation equilibrium 
of the Fe i lines (Fig. [3), i.e., requiring a null correlation between 
the iron abundance and the lower level excitation potential (x). 
The surface gravity was found by assuming the ionization equi- 
librium of Fe, requiring both Fe i and Fe n lines to have the same 



mean abundance (Pig. [3j. The microturbulence velocity (£) was 
found by requiring the Fe i abundance to have a null correlation 
with the equivalent widths (Fig. When these parameters are 
simultaneously constrained, the value of the metallicity, [Fe/H], 
is also determined. The parameters thus obtained are listed in 
Tabled 

When following this procedure, each time we converge to 
a set of parameters constrained by these criteria, the line list is 
checked for lines that indicate an abundance that departs by more 
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Fig. 2. The fitt ing of the colo r-magnitude diagrams of the clusters NGC 5822, NGC 6134, NGC 6281, and NGC 6633 with the 
isochrones by Sch aller et al.l dl992l) . used to determine the turn-off mass of the clusters (except for NGC 6134, see text). The 
observed stars are shown as full circles and identified by their numbers. The parameters adopted for the fittings are those listed in 
Table |2 



than 2 <x from the average value. These lines are then excluded 
and a new set of parameters is calculated. The entire procedure 
is repeated until the abundance given by all lines agree to within 
2 cr. Thus, we believe to be excluding lines that are strongly 
affected by uncertain g fs or defective equivalent widths, and ex- 
pect the mean abundance given by the remaining set of lines to 
be more reliable. 

For these calculations, we adopted the grids of model at- 
mosp heres computed with the ATLAS9 code (ICastelli & Kurucj 
120031) . without overshooting. The ATLAS9 models assume local 
thermodynamic equilibrium (LTE), plane-parallel geometry, and 
hydrostatic equilibrium. 

3.3. Photometric temperatures 

We calculated a photometric estimate of the effective temper- 
ature using the (B-V)o color as a way of testing our spectro- 
scopically determined effective temperatures. The Johnson (B- 
V) color was obtained from the WEBDA database and is listed 
in TableQ] The color excess listed in Table|2]was used to correct 
the observed color. Temperatures wer e calculated using t he cal - 
ibrations by lAlonso et all d 19991) and iHoudashelt et all (|2000). 
The average of these two estimates is listed in Table [3] 



Temperatures calculated using the two photometric calibra- 
tions are in good agreement. The mean difference between them 
is 42 K. There is also good agreement between our spectroscop- 
ically determined T e ff and the average photometric value. The 
differences vary between 1 and 160 K, excluding the star IC 
4756 14. The mean difference in the temperatures is 56 K. As 
detailed below, this is close to the uncertainty that we estimate 
for the spectroscopic temperature. 

For star IC 4756 14, the difference between the photomet- 
ric and spectroscopic temperatures is ~ 900 K, probably due to 
an incorrect (B-V) c olor. The cluster IC 4756 is affected by dif- 
ferential reddening dSchmidtlll978T: ISmithlll983l) . We note that 
using a higher temperature we would infer a far higher metallic- 
ity, incompatible with the other cluster members. Therefore, the 
spectroscopic estimate is to be preferred. 

This comparison shows that the spectroscopic method pro- 
vides a reliable temperature scale. We therefore adopt these tem- 
peratures throughout the paper. 

3.4. Evolutionary gravities 

To test the spectroscopically determined gravities, we also de- 
termined log g values using the stellar masses obtained from 
the isochrone fittings. For this test, the stellar mass was con- 
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Table 3. The atmospheric parameters of the sample stars. The values for [Fe i/H] and [Fe n/H] are followed by the standard deviation 
and the number of lines on which the abundance is based. The spectroscopic values are the ones adopted throughout this work. 



Stat- 


T eff (K) 


Teff (K) 


1o2 2 

fe fe 


loa s 

& & 


£ (km s -1 ) 


[Fei/H] ± cr(#) 


[Fe n/H] ±cr(#) 




spectr. 


phot. 


spectr. 


evolut. 










ic 2714.5 


5070 


5020 


2.70 


2.49 


1.50 


+0.12±0.09 (38) 


+0.12+0.04 


;io) 


IC 4756.12 


5030 


5189 


2.75 


2.79 


1.37 


-0.01+0.09 (39) 


-0.01+0.06 


;i3) 


IC 4756.14 


4720 


5627 


2.47 


2.36 


1.57 


+0.03±0.14 (41) 


+0.03+0.08 


;n) 


IC 4756.28 


4620 


4548 


2.42 


2.36 


1.41 


+0.07±0.12 (39) 


+0.07+0.09 


;i2) 


IC 4756.38 


5075 


5056 


3.00 


2.92 


1.21 


+0.05±0.09 (41) 


+0.05+0.07 


;i3) 


IC 4756.69 


5130 


5158 


3.00 


2.71 


1.31 


+0.08±0.08 (42) 


+0.08+0.06 


:n) 


NGC 2360.7 


5115 


5016 


3.00 


2.82 


1.21 


+0.11±0.11 (38) 


+0.10+0.05 


;io) 


NGC 2360.50 


5015 


4897 


2.90 


2.77 


1.37 


-0.03±0.05 (27) 


-0.02+0.11 


;io) 


NGC 2360.62 


5105 


5153 


3.15 


2.88 


0.91 


+0.12±0.08 (32) 


+0.10+0.12 


;i3) 


NGC 2360.86 


4960 


4906 


2.65 


2.62 


1.18 


-0.06±0.15 (40) 


-0.07+0.03 


,08) 


NGC 2447.28 


5060 


5054 


2.70 


2.50 


1.46 


-0.01±0.14 (38) 


0.00+0.08 ( 


10) 


NGC 2447.34 


5120 


5121 


2.90 


2.63 


1.44 


-0.01+0.12 (38) 


-0.01+0.09 


;n) 


NGC 2447.41 


5055 


5028 


2.80 


2.57 


1.37 


-0.02+0.11 (37) 


-0.02+0.09 


;n) 


NGC 3532.19 


4995 


5033 


2.65 


2.36 


1.52 


+0.11±0.11 (41) 


+0.09+0.05 


;i2) 


NGC 3532.100 


4745 


4731 


2.15 


2.13 


1.66 


+0.01±0.12 (37) 


+0.02+0.05 


:n) 


NGC 3532.122 


5045 


5042 


2.60 


2.56 


1.54 


-0.02±0.11 (39) 


-0.02+0.11 


;n) 


NGC 3532.596 


5020 


4943 


2.50 


2.44 


1.58 


+0.04+0.11 (41) 


+0.04+0.09 


;i2) 


NGC 3532.670 


4355 


4316 


1.80 


1.70 


1.52 


+0.08+0.11 (28) 


+0.08+0.13 


;n) 


NGC 3680.13 


4660 


4684 


2.60 


2.58 


1.30 


+0.04+0.10 (38) 


+0.06+0.12 


;i3) 


NGC 5822.1 


4470 


4559 


2.00 


2.00 


1.38 


+0.03+0.10 (32) 


+0.03+0.09 


;n) 


NGC 5822.201 


5035 


5035 


2.85 


2.78 


1.32 


+0.05+0.10 (44) 






NGC 5822.240 


4425 


4467 


1.95 


2.12 


1.34 


+0.02+0.11 (32) 


+0.03+0.12 


;n) 


NGC 5822.316 


5110 


5125 


3.05 


2.92 


1.28 


+0.16+0.10(43) 


+0.16+0.03 


;io) 


NGC 5822.443 


4610 


4648 


2.10 


2.34 


1.53 


-0.06+0.11 (38) 


-0.06+0.08 


;i2) 


NGC 6134.30 


4980 


5138 


2.95 


2.99 


1.23 


+0.21+0.11 (41) 


+0.21+0.08 


;io) 


NGC 6134.99 


4785 


4898 


2.55 


2.81 


1.39 


+0.10+0.10 (37) 


+0.10+0.10 


;i2) 


NGC 6134.202 


4555 


4677 


2.25 


2.67 


1.34 


+0.04+0.10(34) 


+0.06+0.12 


;o9) 


NGC 6281.3 


4915 


4860 


2.30 


2.24 


1.64 


+0.01+0.09 (38) 


+0.01+0.07 


;i3) 


NGC 6281.4 


5015 


4855 


2.50 


2.35 


1.70 


+0.09+0.07 (33) 


+0.09+0.04 


;io) 


NGC 6633.78 


4370 


4383 


1.80 


1.79 


1.51 


+0.04+0.10 (31) 


+0.03+0.15 


;i2) 


NGC 6633.100 


5015 


5016 


2.85 


2.56 


1.44 


+0.11+0.11 (42) 


+0.11+0.08 


;i2) 
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Fig. 3. ton abundance of both Fe i (full circles) and Fe n lines 
(open circles) versus the line excitation potential for the star 
NGC 3532.100. The solid line is a linear fit to the Fe i lines indi- 
cating that the excitation equilibrium was fulfilled. The ioniza- 
tion equilibrium was also obtained by setting the Fe i and Fe n 
abundances to be equal, determining the surface gravity. 



sidered to be equal to the stellar mass of the clump at the given 



isochrone. Since there is little variation in mass between the red 
turn-off and the clump, this choice should introduce no impor- 
tant effect. 

The evolutionary gravities were calculated using the classi- 
cal equation, log g* = log g + log (M*/M ) + 4 log (T eff */T e ff ) 
- log (U/L Q ), where log (U/L Q ) = -0.4 (M boU - M Bo io)- 
Luminosities were calculated with the parameters listed in Table 
2] an d bolometric c orrections calculated with the relations by 
Alonso et all (Il999h . For the Sun, we adopted T eff = 5777 K, 
log g = 4.44 dex, and Mboi = 4.75 mag. The gravities calculated 
in this way are given in Table [3] 

The evolutionary log g is in good agreement with the spec- 
troscopically determined log g. The differences vary between 
0.01 and 0.42 dex. The mean difference between the gravi- 
ties is on the order of 0.14 dex. As discussed below, this is 
close to the uncertainty that we estimate for the spectroscopic 
gravity. Most of the spectroscopic values are systematically 
higher than the evolutionary ones. The disagreement between 
these two methods is well known in the literature and is also 
fo und for field giants when parallaxes are used to derive log 
g dAllende Prieto et al.lll999t Ida Silva et alj|2006l) . The precise 
reasons remain unknown, although departures from LTE are usu- 
ally blamed. We consider it to be possible that our gravity values 
are systematically overestimated by an amount close to its asso- 
ciated uncertainty. This has little effect on the metallicities, since 
these are mainly derived from the gravity-insensitive Fe i lines. 
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This comparison again shows that the use of the spectro- 
scopic method establishes a reliable gravity scale. We therefore 
adopt these gravities throughout the paper. 

3.5. Uncertainties in the atmospheric parameters 

The uncertainties in the atmospheric parameters were calculated 
for a representative star, IC 4756_14, whose atmospheric param- 
eters are close to the median value for the entire sample. The lcr 
uncertainties in T e g and £ were determined by the uncertainties 
in the linear fits used to constrain these parameters. The uncer- 
tainties were given by the variation in these parameters neces- 
sary to match the angular coefficient value of the linear fit to the 
value of its own uncertainty, in the diagram of Fe i abundance 
versus the line excitation potential for T e fr, and in the Fe i abun- 
dance versus W diagram for The lcr uncertainty in the surface 
gravity was found by changing the gravity value until the differ- 
ence between the mean abundances from Fe i and Fe n equals the 
larger of the standard deviation values. 

The atmospheric parameters are not trully independent of 
each other and thus, for example, an error in the effective tem- 
perature may also introduce an error in the gravity. We thus also 
evaluated the influence of the uncertainty in each parameter on 
the remaining ones. This cross-terms were combined with the 
uncertainties calculated above to produce the total uncertainties 
caused by the analysis method, listed in the second column of 
TableS 

Uncertainties in the measurement of the equivalent widths of 
the Fe i lines, caused by the S/N and the accuracy of the contin- 
uum definition, can also affect the calculation of the atmospheric 
parameters. After conducting some tests, we determined that the 
equivalent widths are affected by at most an uncertainty of cr 
= ± 3.0 mA. This uncertainty propagates into the atmospheric 
parameters at a level listed in the third column of Table [4] 

In addition, we recalculated the parameters of three stars us- 
ing a 2.5 cr clipping factor, to test the influence of this choice on 
the derived atmospheric parameters. Some of the lines excluded 
before with 2 cr were still excluded when using 2.5 cr. After in- 
creasing the clipping factor, only a few extra lines were taken 
into account (from 3 to 9 Fei lines), resulting mostly in simi- 
lar parameters. The average differences in the atmospheric pa- 
rameters calculated by adopting each of the two clipping factors 
are listed in the fourth column of Table [4] This was considered 
another source of uncertainty inherent to the method, and thus 
added to the other ones to calculate the final total uncertainty in 
the parameters. 

The microturbulence velocity and the temperature were 
found to be mostly insensitive to the choice clipping factor, while 
log g was found to vary by a significant amount. This result 
shows that the addition of a few extra lines does not significantly 
affect the excitation equilibrium or the method used to constrain 
On the other hand, these extra lines do affect the mean abun- 
dances of Fe i and Fe n and thus force a change in log g to main- 
tain the ionization equilibrium. 

As a typical error in metallicity, we adopt the standard devi- 
ation in the Fei values of star IC 4756 14, (T[FeiH] = ±0.14. This 
is one of the largest standard deviations, as seen in Table [3] and 
can thus be seen as a rather conservative choice. The effect of un- 
certainties related to the cross-terms (±0.04), both the S/N and 
continuum (+0.05), and the sigma-clipping procedure (+0.03) 
have an almost negligible effect on the final total uncertainty in 
the metallicity (which would increase to +0.16). 
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Table 4. Uncertainties in the adopted atmospheric parameters. 



Parameter 


cr 


cr 


cr 


cr 




method 


S/N & cont. 


sigma-clip. 


total 


Teff (K) 


±55 


± 10 


± 20 


± 60 


log g (dex) 


±0.20 


±0.07 


±0.15 


± 0.26 


£(km s" 1 ) 


±0.05 


±0.01 


±0.06 


± 0.08 



Other systematic effects might be present, because of the use 
of ID stellar atmospheres, and the neglect of departures from the 
LTE, among others effects. These, however, are likely to affect 
all the sample stars in much the same way. Since we are mostly 
interested in a relative comparison between the stars, these ef- 
fects do not significantly affect either the analysis or the con- 
clusions. They might be important, however, when the results 
obtained here are compared to those obtained by other works in 
the literature. 

3.6. Comparison with previous results 

3.6.1 . The sample of lHamdani et al.l <2000|) 

Although we use almost the same data as Hamda ni et al.l (|2000), 
the methods that we e mploy to determine t he atmospheric pa- 
rameters are different. Ham dani et al] (2000) followed an itera- 
tive procedure, where the T e g is given by minimizing the spread 
in the abundances of the iron-peak elements, and the surface 
gravity is calculated for this temperature and the masses given 
by the isochrones (see more details in t he original paper). For 
reference, we list the parameters found by Hamd ani et al.l 12000) 
in Table 

Our temperatures are systematically lower than those found 
bv lHamdani et alj (12000). The differ ence varies from 75 K to 170 
K, with an average of ~ 125 K, larger than the estimated uncer- 
tainty. We believe that this systematic difference is related to a 
combination of the method and the final linelist. In particular, we 
note that, although we employ the same equivalent widths, our 
gf list is different. Our final Fe i mean abundance is also based 
on fewer lines. The first reason for that is the exclusion from the 
analysis of lines in the saturated part of the curve of growth, W > 
150 mA. A second reason is the cr-clipping procedure explained 
above. It seems that the lines we systematically exclude, in both 
the 2 or 2.5 cr clipping, are the most significant causes for the 
different temperatures that we derive. 

On the other hand, with the exception of one star, the 
gravities derived in this work a r e sys tematically higher than 
those adopted by Ham dani et al.l (120001) . The differences vary 
from 0.04 to 0.21 dex, with an average of 0.13 dex. The av- 
erage difference is very close to the 1 cr uncertainty esti- 
mated for log g. Wh ile we rely on the ionization equilibrium, 
lHamdani et al.1 d2000t) calculated the log g using the mass given 
by the isochrones and the known cluster distances. As discussed 
before, the spectroscopic method is known to result in systemat- 
ically higher gravities. In addition, we note that this difference in 
log g does not seem to be related to the difference in temperature. 
An increase in the temperature of our stars would be followed by 
an increase in our log g values, which would only increase the 
discrepancies. The derived microturbulence velocity values be- 
have in a similar way to the temperatures, probably for the same 
reason. We note that the range of our va lues is in excel l ent a gree- 
ment with that found, for example, by Ida Silva et al.l d2006l) for 
field giants with a similar range of gravities and temperatures. 
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Table 5. Atmospheric parameters derived by Hamdan i et al.l d2000l) for the stars in common with our sample. 



Star 


T c ff 


logg 


f 


[Fei/H] ±cr(#) 


[Fen/H] ± tr(#) 


NGC 2360.7 


5230 


2.89 


1.57 


+0.15 


+0.17(57) 


+0.15+0.10 


(04) 


NGC 2360.50 


5170 


2.86 


1.69 


+0.01 


+0.17(55) 


+0.11+0.20 


(04) 


NGC 2360.62 


5180 


2.94 


1.44 


+0.08 


+0.17(52) 


+0.16+0.17 


(04) 


NGC 2360.86 


5130 


2.73 


1.52 


+0.04 


+0.16(55) 


+0.04+0.13 


(04) 


NGC 2447.28 


5140 


2.56 


1.75 


-0.01 


+0.21 (55) 


+0.06+0.16 


(04) 


NGC 2447.34 


5250 


2.70 


1.77 


+0.05 


+0.19(56) 


+0.03+0.13 


(04) 


NGC 2447.41 


5200 


2.65 


1.70 


+0.05 


+0.19(57) 


+0.04+0.16 


(04) 
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Fig. 4. Iron abundance versus W for the Fe I lines of NGC 
3532.100. This plot was used to determine the microturbulence 
velocity by requiring a null correlation between [Fe i/H] and the 
Ws. 



In spite of the different parameters, the metal licities ([Fe/H]) 
of the stars show good agreement with those of [Hamdani et alj 
(2000). The average difference is +0.05 dex, a value well within 
the uncertainties. We believe this result to be evidence that re- 
liable abundances can be derived regardless of small-scale dif- 
ferences introduced by the different methods of atmospheric- 
parameter calculation. 

IGilrovl d 19891) appears to be the only other work that included 
another member of NGC 2360, star 12. It was found to have 
[Fe/H] = +0.20, a value that seems too high when compared with 
most o f the metallicities obtained by us and by Hamdani et al. 
(2000). For NGC 2447, th e only previous high-r esolution analy- 
sis seems to be the one bv lHamdani et alj d2000t) . 

3.6.2. The new sample 

In this section, we compare our results with literature data. We 
restrict the discussion to other analyses based on high-resolution 
spectra. In cases where the sample stars were targets of other 
analyses, the entire set of parameters is compared. A comparison 
of cluster metallicity is presented in cases where different cluster 
members were analyzed. To the best of our knowledge, this is 
the first time that atmospheric parameters and abundances have 
been derived for members of IC 27 14 and NGC 628 1 with high- 
resolution spectroscopy. 

Members of IC 4756 were analyzed bv lGilrovl dl989l) . iLuckl 
( 1994)), and lJacobson et all ((2007). We have no star in common 



with Luck j!994 and only IC 4756.69 in common with both 
IGilrovl (1 1989h~ and Uacobson et afl (120071) . While IGilrovl d!989h 
found T eff = 5200 K, log g = 3.20, £ = 2.00 km s _1 , and [Fe/H] 
= 0.00, in reasonable agreement with our p arameters, except for 
the microturbulence. Ijacobson et alj (|2007) derived T e fr = 5000 
K, log g = 2.20, £ = 1.50 km s _1 , and [Fe/H] = -0.15. While T eff 
and £ have close values, log g and [Fe/H] are clearly discrepant. 
The reasons for this large discrepan cy are probably r elated to the 
small number of Fe n lines used by Ijacobson et al.1 d2007h . only 
three. Our mean cluster metallicity, [Fe/H ] = +0.04, is in good 
agreement wi th the ones found by ILuckl [Fe/H] = -0.03, and 
IGilrovl {F989), [Fe/ H] = +0.04 , while the mean metallicity de- 
rived bv lJacobsoneTail (120071) . [Fe/H] = -0.15, disa grees with 
ours and those of other authors. 

Three of the stars f rom NGC 35 32, stars 19, 596, and 670, 
were also an alyzed by ILuckl (Il994l) . The parameters found by 
ILuckl (11994 are T eff = 5000 K, log g = 2.36, £ = 2.00 km s 1 , 
[Fe/H] = +0.13 for star 19, T eff = 5000 K, log g = 2.25, f = 2.00 
km s-\ [Fe/H] = +0.08 for star 596, and T eff = 4500 K, log g = 
2.00, £, = 2.40 km s _1 , [Fe/H] = +0.09 for star 670. Temperatures 
and particularly the metallicities show good agreement, while 
our log g differ by 0.20 to 0.35 dex and the microturbulence 
velocities are systematically lower. The reason for this difference 
is unclear since the methods used in estimating log g and £ were 
the same and the derived temperatures are similar. Our mean 
cluster metallicity is [Fe/H] = +0.04 in good agreement with the 
mean [Fe/H] = +0.07 found by |Lucl(fl994 . 

Two high-resolution analysis of NGC 368 m embers are 
report ed in the literature, Pasqui nTet alj d200ll) and iPace et al] 
(2008). The first work found an average of [Fe/H] = -0.27, al- 
though they considered the most accurate estimate to be [Fe/H] = 
-0.17 probably due to systematic effects. The latter work found 
[Fe/H] = -0.04, for two main-sequence stars. Our value for the 
only star that we analyze that is not included in th ese works, 
NGC 3680.13, is [Fe/H] = +0.04, which agrees with lPace etaTJ 
(2008) within the uncertainties. 

Among our sample stars in NGC 5822, only star 1 had 
been a nalyzed before with high-res olution spectr oscopy bv lLuckl 
dl994 . The parameters adopted bv lLuckl dl994 are T eff = 4800 
K, log g = 2.50, £ = 2.50 km s~\ and [Fe/H] = +0.13, which are 
clearly different from ours. An increase of 300 K in our temper- 
ature would still cause disagreement between the parameters in- 
cluding a very high metallicity of [Fe/H] = +0.33. We favor our 
lower value of temperature, which would be in excellent agree- 
ment with the two photo metric estim ates, 4500 and 4450 K also 
listed but not adopted bv lLuckl dl994 . 

None of the stars that we studied in NGC 6134 had 
been previou s ly an alyzed with high-resolution spectroscopy. 
ICarretta et al.l d2004 analyzed 6 stars in this cluster and found 
a mean metallicity of [Fe/H] = +0.15 in very good agreement 
with our mean metallicity, [Fe/H] = +0.12. 
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Of the two star s that we anal yze i n NGC 6633, star 1 00 wa s 
analyzed by both iGilrovl d!989h and IValenti & Fischer! d2005l) . 
iGilrovl d 19891) derived T eff = 4 800 K, log g = 2.70, £ = 1 .80 km 
s" 1 , and [Fe/H] = 0.00, while I Valenti & Fischerl d2005b derived 
T eff = 5245 K, log g = 3.1 1, and fF e/Hl = +0.35 Our results are 
in closer agreement with those of IGilrovl (1989), although our 
microturbulence is smaller and the metallicity is higher. 

4. Abundances 

4. 1 . Abundances using equivalent widths 

Abundances were calculated for the elements Mg, Si, Ca, Sc, Ti, 
V, Cr, Co, and Ni using equivalent widths. Lines weaker than 
10 mA, largely affected by the S/N and uncertainties in the con- 
tinuum normalization, and stronger than 150 mA, on the satu- 
rated part of the curve of growth, were not used. The resulting 
abundance s are listed in Table Ep We a dopt the solar abundances 
reported in lGrevesse & Sauva I II 9981) . 

In this analysis, the hyperfine structure (HFS) of the lines 
of elements such as Mg, Sc, V, Mn, and Co was not taken into 
account. Thus, caution is necessary when comparing these abun- 
dances with those obtained in other analyses. A reliable compar- 
ison is possible only within the sample analyzed here. 

Table [6] includes the standard deviation of the mean values 
when possible. In these cases, it is possible to note that all abun- 
dances agree with the solar ones to within 2<x. The only excep- 
tion is the Cr abundances given by the Cm lines in some stars. 
The abundance given by the ionized Cr lines is always higher 
than the one given by the neutral species. The same is also seen 
in the case of V. As discussed before, it is possible that our spec- 
troscopic log g values are slightly overestimated. This would 
also overestimate the abundances given by the ionized lines. In 
the cases of Cr and V, the abundance given by the neutral species 
is more reliable and should be pref erred. 

Star IC 4756_69 was found by lMermilliod & Mayor! (1 19901) 
to be a spectroscopic binary. This system has a long period, 
1994 days, but a very c ircularized orbit of eccentricity 0.0043 
dMermilliod et al]l2007l) . Assuming a mass of 2.37 M for the 
primary, a minimum mass of 0.59 M is estimated for the sec- 
ondary, which is consistent with a possible white-dwarf nature. 

The possible white-dwarf nature of the secondary, the ex- 
tremely circularized orbit, and the abundance anomalies are all 
consistent with there having been a past mass-transfer event in 
the system. The orbital elements, in parti cular, are consisten t 
with those observed for barium stars by Joriss en et al.l (1998). 
Bari um stars are also enr iched in carbon and s-process elements 
(see lSmilianic et a02007l and references therein). Star 69, how- 
ever, was not found to be enriched in carbon and s-process ele- 
ments compared to the other stars in the same cluster. This im- 
plies that the mass-transfer event occurred before the companion 
star reached the thermal pulses in the AGB phase and enriched 
itself with the products of s-process nucleosynthesis. 

4.2. Abundances using spectrum synthesis 

The 12 C/ 13 C ratio and the abundances of C, N, O, and Na 
were derived using spectrum synthesis . The codes for calc ulat- 
ing synthetic spectr a are described by Bar buy et al.l (120031) and 
ICoelho et al.1 (2005). We ad opted the solar abundances for C, N, 
and Na as recommended bv lGrevesse &Sauvall(fl998l) . A(C) = 
8.52, A(N) = 7.92, and A(Na) = 6.33. For O, we adopted the 
ab undance suitable to the ID a tmospheric models recommended 
bv lAllende Prieto et all d200lh . A(O) = 8.77. 
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NGC 3532_19 

1 1 1 1 1 1 1 1 1 1 r 




0.6 - 



5135 5135.5 5136 

\(k) 

Fig.5. Fit to the C 2 A 5135.62 A feature in NGC 3532.19. The 
observed spectrum is shown as a solid line. Synthetic spectra 
with [C/Fe] = -0.11, -0.21, and -0.31 are shown as dashed 
lines. 

NGC 5822_240 
I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 1 1 1 1 1 I 1 1 1 1 I 




0.8 - 



0.6 - 

.... I .... I .... I i i I ... . 

6331 6331.5 6332 6332.5 6333 6333.5 
MA) 

Fig. 6. Fit to the CN A 6332. 18 A feature in NGC 5822.240. The 
observed spectrum is shown as a solid line. Synthetic spectra 
with [N/Fe] = +0.23, +0.33, and +0.43 are shown as dashed 
lines. 



The carbon abundance was calculated using the C2(0,l) 
bandhead of the Swan system at A 5135 A. T he data of the C2 
molecule are those adopted bv lBarbuvl d 19851) . i.e., dissociation 
potential Do(C2) = 6.21 eV and electronic -vibrational oscilla- 
tor strength /bo = 0.0184. We consider the C abundance derived 
from this feature to be the sum 12 C+ 13 C. An example of the fit 
is shown in Fig. [5] 

The nitrogen abundance was derived using the CN(5,1) A 
6332.18 A bandhead of the A 2 I1-X 2 £ red system. The param- 
eters fo r the atomic and mole cula r lines are the same as those 
used bv lSmilianic et all (2006) and lMilone et al.1 d 19921) . i.e., dis- 
sociation potential Do(CN) = 7.65 eV and electronic oscillator 
strength f e i = 6.76xl0~ 3 . An example of the fit is shown in Fig. 

m 
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Table 6. Mean elemental abundances for the program stars, followed by the standard deviation, when applicable, and the number 
of lines on which the abundance is based. 



[X/Fe] 


2714.5 


4756.12 




4756.14 




4756.28 


4756.38 


4756.69 


Mg 


-0.02 (01) 


-0.02 (01) 




-0.05 (01) 




-0.06 (01) 


-0.05 (01) 


-0.07 (01) 


Si 


+0.03 ±0.12 (07) 


+0.04 + 0.09 (07) 


+0. 


.10 + 0.07 (07) 


+0 


,10 ±0.09 (07) 


+0.01 ± 0.06 (06) 


+0.02 ± 0.04 (06) 


Ca 


+0.04 ± U.U4 (06) 


i a i\i i n in /r\H\ 

+0.07 ± 0.10 (07) 


+0 


Al i A AC /f\C\ 

.03 ± 0.05 (05) 


-0 


r\r . A A /I /nc\ 

.05 ± 0.04 (05) 


+0.04 ± 0.09 (0/) 


i A A/1 i A AA /A'7\ 

+0.04 ± 0.09 (07) 


Sc 


-0.05 (02) 


+0.01 (02) 




+0.19 (02) 




+0.02 (02) 


+0.03 (02) 


+0.07 (02) 


Ti 


-0.03 ± 0.09 (08) 


-0.04 ±0.11 (09) 


-0. 


.03 ±0.16 (09) 


-0 


,06 + 0.05 (07) 


-0.04 ±0.10 (09) 


-0.06 ± 0.04 (07) 


Vi 


+0.04 ±0.11 (08) 


+0.03 ±0.14 (08) 


+0. 


.09 ±0.12 (08) 


+0 


,01 ±0.15 (08) 


-0.06 ± 0.08 (07) 


-0.05 ± 0.07 (06) 


Vn 


+0.08 (02) 


+0.19(02) 




+0.39 (02) 




+0.22 (02) 


+0.16(02) 


+0.19 (02) 


Cri 


-0.01 ±0.16(13) 


+0.03 ± 0.08 (15) 


+0 


.11 ±0.10(13) 


-0 


,04 ±0.18 (15) 


+0.05 ± 0.08 (15) 


+0.03 ±0.09(14) 


Cm 


+0.06 ±0.11 (04) 


+0.16 ±0.10 (04) 


+0. 


.27 ± 0.08 (04) 


+0 


,20 ±0.12 (04) 


+0.14 ±0.06 (04) 


+0.21 ±0.11 (04) 


Co 


+0.05 ±0.13 (08) 


+0.05 ±0.11 (08) 


+0. 


.12 ± 0.15 (08) 


+0 


,05 ±0.19 (08) 


+0.02 ±0.14 (08) 


+0.06 ±0.14 (08) 


Ni 


+0.01 ± 0.06 (09) 


-0.02 ± 0.05 (10) 


+0. 


.03 ± 0.09 (09) 


-0 


,01 + 0.05 (07) 


-0.02 ±0.05 (11) 


-0.01 ± 0.05 (10) 


[X/Fe] 


3532.19 


3532.100 




3532.122 




3532.596 


3532.670 


3680.13 


Mg 


-0.07 (01) 


-0.03 (01) 




-0.03 (01) 




0.00 (01) 


_ 


-0.23 (01) 


Si 


+0.06 ± 0.06 (07) 


+0.14 ±0.09 (07) 


+0. 


.08 ±0.16 (07) 


+0 


,09 ±0.11 (07) 


+0.14 ±0.11 (06) 


+0.10 ± 0.09 (07) 


Ca 


+0.10 ± 0.12 (07) 


+0.02 ± 0.06 (05) 


+0 


.15 ± 0.12 (07) 


+0 


,13 ± 0.11 (07) 


+0.04 ± 0.04 (03) 


+0.01 ± 0.04 (05) 


Sc 


-0.04 (02) 


-0.07 (02) 




-0.08 (02) 




+0.04 (02) 


+0.12(02) 


+0.08 (02) 


Ti 


-0.01 ± 0.08 (08) 


-0.04 ± 0.08 (07) 


-0. 


.03 ±0.13 (09) 


-0 


,02 ±0.10 (09) 


+0.01 ± 0.09 (06) 


-0.01 ± 0.04 (07) 


Vi 


-0.01 ± 0.09 (07) 


-0.04 ±0.13 (08) 


+0 


.05 ±0.10(07) 


+0 


,02 ±0.14 (08) 


+0.16 ±0.16 (07) 


+0.09 ±0.15 (08) 


Vn 


+0.16(02) 


+0.14 (02) 




+0.16(01) 




+0.14 (02) 


+0.36 (02) 


+0.24 (02) 


Cri 


0.00 ±0.10 (13) 


-0.04 ±0.11 (13) 


+0. 


.06 ±0.17 (15) 


+0 


,03 ±0.06 (11) 


-0.01 ±0.13 (12) 


0.00 ±0.13 (13) 


Cm 


+0.17 ± 0.08 (04) 


+0.12 ±0.06 (04) 


+0. 


.06 ±0.11 (04) 


+0 


,19 ± 0.05 (04) 


+0.28 ± 0.21 (04) 


+0.18 ±0.06 (04) 


Co 


+0.03 ±0.13 (08) 


+0.01 ±0.14 (08) 


+0 


.12 ±0.14 (08) 


+0 


,10 ±0.18 (08) 


+0.13 ±0.25 (07) 


+0.14 ±0.19 (08) 


Ni 


-0.01 ± 0.07 (09) 


0.00 ± 0.07 (09) 


-0 


.01 ± 0.08 (10) 


-0 


,01 ± 0.09 (09) 


+0.16 ±0.15 (09) 


+0.02 ± 0.08 (09) 



Table 6. continued. 



[X/Fe] 


5822.1 


5822.201 


5822.240 


5822.316 


5822.443 




6134.30 


Mg 




-0.01 (01) 




-0.02 (01) 


+0.03 (01) 




0.00 (01) 


Si 


+0.13 ±0.12 (07) 


+0.06 ± 0.07 (07) 


+0.11 ±0.09 (06) 


-0.04 ± 0.04 (06) 


+0.17 ±0.08 (07) 


+0 


.03 ±0.10(07) 


Ca 


-0.02 + 0.06 (03) 


+0.03 ±0.15 (07) 


0.00 + 0.08 (03) 


0.00 + 0.06 (06) 


+0.06 ±0.14 (06) 


+0 


.06 ±0.14 (06) 


Sc 


+0.03 (02) 


0.00 (02) 


+0.03 (02) 


-0.17(02) 


+0.06 (02) 




+0.10 (02) 


Ti 


-0.02 ± 0.08 (07) 


+0.04 ± 0.04 (07) 


-0.01 ± 0.08 (07) 


-0.02 ±0.10 (09) 


-0.04 ± 0.06 (07) 


-0 


.04 ± 0.06 (08) 


Vi 


+0.11 ±0.16(08) 


+0.05 ±0.14 (08) 


+0.12 ±0.15 (07) 


0.00 ± 0.08 (07) 


+0.02 ±0.13 (08) 


-0 


.04 ± 0.05 (07) 


Vii 


+0.28 (02) 


+0.11 (02) 


+0.27 (02) 


+0.13 (02) 


+0.26 (02) 




+0.17(02) 


Cri 


-0.03 ±0.17 (14) 


+0.06 ±0.10 (15) 


+0.02 ± 0.07 (10) 


+0.03 ±0.10 (15) 


+0.04 ±0.10 (13) 


+0 


.04 ± 0.09 (10) 


Cm 


+0.11 ±0.15 (04) 


+0.16 ± 0.09 (04) 


+0.16 ±0.12 (04) 


+0.19 ±0.12 (04) 


+0.19 ±0.06 (04) 


+0 


.20 ±0.13 (04) 


Co 


+0.06 ± 0.20 (08) 


+0.10 ±0.15 (08) 


+0.12 ± 0.20 (08) 


+0.03 ±0.15 (07) 


+0.08 ±0.15 (08) 


+0 


.11 ±0.16(07) 


Ni 


+0.05 ± 0.09 (09) 


+0.01 ± 0.06 (09) 


+0.08 ±0.13 (09) 


-0.03 ± 0.05 (09) 


+0.05 ± 0.05 (08) 


+0 


.03 ±0.10 (10) 


[X/Fe] 


6134.99 


6134.202 


6281.3 


6281.4 


6633.78 




6633.100 


Mg 


-0.02 (01) 


+0.01 (01) 


+0.04 (01) 


+0.02 (01) 






-0.06 (01) 


Si 


+0.09 ± 0.08 (07) 


+0.16 ±0.11 (07) 


+0.13 ± 0.07 (07) 


+0.10 ±0.07 (07) 


+0.10 ±0.09 (06) 


+0 


.04 + 0.08 (07) 


Ca 


+0.05 ± 0.08 (06) 


+0.09 ±0.16 (05) 


+0.10 ±0.11 (06) 


+0.11 ±0.10(06) 


-0.03 ± 0.08 (03) 


-0 


.01 ± 0.05 (06) 


Sc 


+0.11 (02) 


+0.02 (02) 


-0.02 (02) 


-0.01 (02) 


+0.12 (02) 




+0.11 (02) 


Ti 


0.00 ± 0.07 (07) 


-0.06 ± 0.07 (07) 


+0.01 ±0.10(07) 


-0.03 ±0.12 (09) 


+0.05 ± 0.07 (07) 


-0 


.03 ±0.10 (09) 


Vi 


+0.10 ±0.13 (08) 


+0.05 ±0.16 (08) 


-0.02 ± 0.08 (07) 


+0.04 ±0.12 (08) 


+0.16 ±0.16 (07) 


-0 


.04 ± 0.07 (07) 


Vn 


+0.28 (02) 


+0.20 (02) 


+0.15(02) 


+0.12 (02) 


+0.40 (02) 




+0.30 (02) 


Cri 


+0.09 ±0.11 (13) 


+0.06 ±0.14 (13) 


+0.01 ± 0.08 (13) 


+0.02 ±0.10 (13) 


0.00 ±0.15 (12) 


+0 


.03 ±0.11 (13) 


Cm 


+0.22 ±0.10 (04) 


0.00 ±0.13 (04) 


+0.15 ±0.06 (04) 


+0.14 ±0.06 (04) 


+0.27 ±0.12 (04) 


+0 


.25 ± 0.09 (04) 


Co 


+0.08 ±0.17 (08) 


+0.14 ±0.14 (07) 


+0.07 ±0.18 (09) 


+0.02 ±0.14 (08) 


+0.17 ±0.23 (08) 


+0 


.07 ±0.16 (08) 


Ni 


+0.05 ± 0.08 (09) 


+0.07 ± 0.08 (09) 


+0.01 ± 0.06 (08) 


+0.06 + 0.06 (08) 


+0.09 ±0.14 (09) 


-0 


.03 ± 0.08 (10) 



The oxygen abundance was calculated from the [OI] The 12 C/ 13 C ratio was derived by fitting the 12 CN and 13 CN 

6300.31 1 A forbidden line. The forbidden line is blended with a lines in the AA 8000-8006 A region. The molecu lar data are the 

weak Ni i line at A 6300.34 A, wh ich is included in the synthe sis sa me as those adopted by Ida Silva et alj (Q995) and described 

with parameters recommended by I Allende Prieto et al J (1200 ll) . It in iBarbuv et alj d!992l) . An example of the fit to this region is 

also has a nearby Sc n lin e at A 6300.70 A fo r which we adopted shown in Fig. [8] As a check, we determined the 12 C/ 13 C ratio 

the hyperfine structure bv lSpite et all d!989l) . An example of the in the spectrum of Arcturus, adopting the atmosphe ric parame- 

fit is shown in Fig. [7] ters an d CNO abundances by Melend ez et alj (|2003). The value 

that we obtained is 12 C/ 13 C = 6, in excellent agreement with 
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Fig. 7. Fit to the forbidden [OI] feature in A 6300 A in 
NGC 6281_4. The observed spectrum is shown as a solid line. 
Synthetic spectra with [O/Fe] = -0.18, -0.08, and +0.02 are 
shown as dashed lines. 
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Fig. 8. Fit to the 12 CN and 13 CN features in the region of 8005 A 
in NGC 6281_4. The observed spectrum is shown as a solid line. 
Synthetic spectra with 12 CN/ I3 CN = 06, 12, and 20 are shown 
as dashed lines. 



other literature results (see for example Charbo nnel et aljfl998l 
and references therein). 

The Na abundance was derived by fitting the Nai lines at 
A 6154.23 A and 6160.753 A. We adopted the line parameters 
determined by Barb uv et al.l ([2006) by fitting the solar spectrum, 
i.e., log gf = -1.56, C 6 = 0.90 xlO" 31 and log gf = -1.26, C 6 
= 0.30 xlO -31 , respectively. An example of the fit to the line A 
6154 A is shown in Fig. [9] 

Several works have estimated the influence of departures 
from the LTE on sodium abundances. In general, it is found 
that the lines at A 6154/6160 A are le ss affected and that the 



NGC 3532_19 



effects are stronger for metal-poor star s (Baumueller et al. 1998; 
Gratton et al.lll999tlMashonkina et alj|2000t iTakeda et all2003 : 
Shi et al.ll2004l) . For these two lines. lBaumueller et al.l(ll998l) es- 
timated a correction between 0.00 and -0.04 dex for the Sun, in 
good agreement with the -0.04 dex, for A 6154 A, and -0.06 
dex, for A 6160 A, estimated bv lTakeda et al.l (120031) . who tab- 
ulated an extensive grid of NLTE corrections for a large range 
of atmospheric parameters. From these same grids, an average 
correction of -0.07 dex to A 6154 A and -0. 1 1 dex to A 6160 A 
would correspond to the range in parameters of our sample, or 
-0.03 and -0.05 in the comparison with the Sun for the lines A 
6154 A and 6160 A, respectively. In Table [7] we list the mean 
[Na/Fe] already corrected for NLTE effects. 

4.3. Uncertainties in the abundances 

An important source of uncertainties in the abundances are the 
uncertainties in the determination of the atmospheric parameters. 
These were estimated by changing each atmospheric parameter 
by its uncertainty, keeping the others to their adopted values, 
and recalculating the abundances. In this way, we measured the 
effect of the parameter uncertainty on the abundance. The re- 
sults are listed in Table [8] The total uncertainty was calculated 
by quadratically adding the individual uncertainties. 

The carbon isotopic ratio is rather robust, as can be seen 
from Table [8] since both isotopic species are expected to react 
in similar ways to the change in the parameters. It is well known 
that only the uncertainty in the microturbulence velocity is usu- 




6153.5 



6154 



6154.5 



6155 



MA) 



Fig.9. Fit to the Nai line at 6154 A in NGC 3532.19. The ob- 
served spectrum is shown as a solid line. Synthetic spectra with 
[Na/Fe] = -0.10, 0.00, and +0.10 are shown as dashed lines. 



ally important. In our case, however, the uncertainties that we 
estimate for these parameters are too small to introduce signifi- 
cant changes in the carbon isotopic ratio. For this ratio, the most 
important sources of uncertainties are the photon noise and the 
placement of the continuum. 

The uncertainty due to photon noise was estimated as fol- 
lows. The star IC 4756_14 was again used as a template, since its 
parameters lie close to the median defined by the sample. Using 
its atmospheric parameters and abundances, two synthetic spec- 
tra were calculated, one with 12 C/ 13 C = 10 and the other with 
12 C/ 13 C = 20. Then, a Gaussian noise level equivalent to signal- 
to-noise ratios of 100, 200, and 350 (the range of S/N of the 
observed spectra) were introduced into each spectrum, produc- 
ing six synthetic spectra. The 12 C/ 13 C ratio was then measured 
for each spectrum by searching for lower and upper values that 
would be considered reasonable fits. The difference between the 
original ratio and the upper and lower limits determined in this 
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Table 7. Abundances of Na, C, N, and O, and the 12 C/ 13 C ratio. We list the NLTE sodium abundances already corrected, as discussed 
in the text. The [N/C] ratio and the sums C+N, O+N, C+O, and C+N+O are also given. 



Stai- 


[Na/Fe] 


[C/Fe] 


[N/Fe] 


[O/Fe] 


12 c/ 13 c 


[N/C] 


C+N 


O+N 


C+O 


C+N+O 


IC 2714.5 


0.00 


-0.17 


0.51 


— 


- 


0.68 


8.81 


- 


— 


— 


IC 4756.12 


0.05 


-0.14 


0.50 


-0.03 


11 


0.64 


8.69 


8.89 


9.01 


8.90 


IC 4756.14 


-0.02 


-0.14 


0.45 


-0.01 


17 


0.59 


8.71 


8.94 


9.05 


8.94 


IC 4756.28 


-0.05 


-0.15 


0.32 


-0.02 


15 


0.47 


8.68 


8.97 


9.06 


8.94 


IC 4756.38 


-0.01 


-0.18 


0.34 


0.00 


10 


0.52 


8.65 


8.96 


9.05 


8.94 


IC 4756.69 


0.15 


-0.60 


0.55 


-0.17 


05 


1.15 


8.66 


8.76 


8.97 


8.92 


NGC 2360.7 


-0.02 


— 


— 


— 


— 


— 


— 


— 


— 


- 


NGC 2360.50 


0.02 


-0.18 


0.40 


- 


— 


0.58 


8.6 


— 


— 


- 


NGC 2360.62 


-0.03 


-0.24 


0.22 


- 


— 


0.46 


8.64 


- 


- 


- 


NGC 2360.86 


-0.03 


-0.18 


0.45 


-0.10 


- 


0.63 


8.60 


8.78 


8.90 


8.79 


NGC 2447.28 


0.05 


-0.18 


0.58 


-0.17 


— 


0.76 


8.72 


8.78 


8.96 


8.84 


NGC 2447.34 


0.03 


-0.18 


0.48 


-0.13 


— 


0.66 


8.66 


8.81 


8.95 


8.83 


NGC 2447.41 


0.06 


-0.15 


— 


-0.12 


— 


— 


— 


8.81 


— 


- 


NGC 3532.19 


-0.02 


-0.25 


0.34 


-0.21 


12 


0.59 


8.68 


8.85 


8.97 


8.85 


NGC 3532.100 


0.05 


-0.20 


0.47 


-0.13 


10 


0.67 


8.67 


8.82 


8.96 


8.84 


NGC 3532.122 


0.08 


-0.15 


0.48 


— 


— 


0.63 


8.67 


- 


— 


- 


NGC 3532.596 


0.06 


-0.22 


0.40 


-0.22 


— 


0.62 


8.65 


8.78 


8.92 


8.79 


NGC 3532.670 


0.08 


-0.15 


0.37 


-0.08 


20 


0.52 


8.71 


8.94 


9.04 


8.92 


NGC 3680.13 


-0.07 


- 


- 


— 


- 


- 


— 


— 


— 


— 


NGC 5822.1 


-0.05 


-0.15 


0.43 


— 


13 


0.58 


8.69 


— 


— 


- 


NGC 5822.201 


0.03 


-0.19 


0.47 




13 


0.66 


8.71 








NGC 5822.240 


-0.02 


-0.10 


0.33 




17 


0.43 


8.66 








NGC 5822.316 


-0.07 


-0.21 


0.39 






0.60 


8.77 








NGC 5822.443 


-0.01 


-0.13 


0.50 




10 


0.63 


8.65 








NGC 6134.30 


-0.03 


-0.21 


0.42 




12 


0.63 


8.84 








NGC 6134.99 


0.07 




















NGC 6134.202 


-0.02 


-0.09 


0.36 




13 


0.45 


8.70 








NGC 6281.3 


0.09 


-0.24 


0.55 


-0.15 


12 


0.79 


8.70 


8.79 


8.97 


8.86 


NGC 6281.4 


0.02 


-0.22 


0.40 


-0.08 


12 


0.62 


8.70 


8.93 


9.04 


8.93 


NGC 6633.78 


-0.01 


-0.17 


0.38 


-0.11 


18 


0.55 


8.67 


8.87 


8.98 


8.86 


NGC 6633.100 


-0.03 


-0.19 


0.45 


-0.06 


21 


0.64 


8.76 


8.97 


9.09 


8.98 



Table 8. The uncertainties in the abundances introduced by the Table 9. Uncertainty in the 12 C/ 13 C ratio caused by the photon 
uncertainties in the atmospheric parameters. noise. 



Elem. 


C Teff 


O" logg 


°"? 


C [Fe/H] 


C total 


12 c/ 13 c 


S/N 


cr 


Na 


±0.04 


±0.01 


±0.02 


±0.02 


±0.05 


10 


100 


-1 

+2 


C 


±0.01 


±0.02 


±0.01 


±0.05 


±0.06 


10 


200 


-1 
+1 


N 


±0.03 


±0.05 


±0.01 


±0.03 


±0.07 


10 


350 


-0 
±i 

H 

+4 


O 


±0.02 


±0.08 


±0.01 


±0.07 


±0.11 


20 


100 


12 c/ 13 c 


±0.00 


±0.00 


±0.00 


±0.00 


±0.00 


20 


200 














20 


350 


-1 














+2 



way therefore provided a measurement of the uncertainty intro- 
duced by the photon noise and is listed in Table [9] 

The uncertainty caused by the continuum placement was, 
again, estimated using the star IC 4756.14. The approach in this 
case was straightforward. The normalization of the continuum 
was repeated in the region of the 13 CN line, adopting different 
but yet reasonable points to define the pseudo-continuum. The 
carbon isotopic ratio was then redetermined in each case. The 
uncertainty related to the variations in the the continuum was 
estimated to be cr = +2. 



5. Evolutionary state of the sample stars 

We used the isochrone fitting shown in Figs.[T]and[2]to derive the 
evolutionary status of each of the sample stars. The luminosity, 
evolutionary state, membership, and multiplicity of each of the 
sample stars are listed in Table [TUl 



IC 2714 

For the relatively poorly studied souther n Galact i c clus ter IC 
2714, we adopted the numbering system of Becker ( 1960). Only 
the star IC 2714-5 was included in our sample. According to 
IClaria et alj d 19941) . IC 2714.5 is a confirmed member of the 
cluster based on kinematic and photometric criteria. As already 
noted by them, its position in the CMD (Fig.[T|) indicates that the 
star is a clump giant in the core helium-burning phase. 

IC 4756 

Five stars of the Galactic cluster IC 4756 were included in our 
sample, IC 4756.12, 14, 28 , 38, a nd 69, where we adopt the 
numbering system o f iKopffl d!943h . Based on proper motions, 
iHerzog et alJ (Il975h concluded that stars 38 and 69 have high 
probabilities of being members, while star 28 is a non-member. 
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Table 10. Luminosities, evolutionary stage, membership, and bi- 
narity of the sample stars. 



Stat- 


log(L/L G ) 


Evol. Stage 


Member 


Binary 


ic 2714.5 


2.18 


clump 


m 


- 


IC 4756.12 


1.78 


clump 


m 


no 


IC 4756.14 


2.10 


clump 


m 


no 


IC 4756.28 


2.06 


RGB 


nm/m 


no 


IC 4756.38 


1.66 


clump 


m 


no 






or RGB 






IC 4756.69 


1.89 


clump 


m 


yes 


NGC 2360.7 


1.71 


clump 


m 


no 


NGC 2360.50 


1.73 


clump 


m 


no 


NGC 2360.62 


1.64 


clump 


m 


yes 


NGC 2360.86 


1.85 


clump 


m 


no 






or early- AGB 






NGC 2447.28 


2.16 


clump 


m 


no 


NGC 2447.34 


2.04 


clump 


m 


no 


NGC 2447.41 


2.09 


clump 


m 


no 


NGC 3532.19 


2.31 


clump 


m 


prob. 


NGC 3532.100 


2.44 


early-AGB 


m 


no 


NGC 3532.122 


2.12 


clump 


nm/m 


prob. 






or RGB 






NGC 3532.596 


2.23 


clump 


m 


no 


NGC 3532.670 


2.72 


early-AGB 


m 


prob. 






or RGB tip 






NGC 3680.13 


1.73 


bump RGB 


m 


no 






or clump 






NGC 5822.1 


2.33 


early-AGB 


m 


no 


NGC 5822.201 


1.76 


clump 


m 


yes 


NGC 5822.240 


2.19 


RGB 


m 


no 


NGC 5822.316 


1.64 


clump 


m 


no 


NGC 5822.443 


2.04 


RGB 


m 


prob. 






or early-AGB 






NGC 6134.30 


1.56 


clump 


m 


yes 






or early-AGB 






NGC 6134.99 


1.68 


clump 


m 


no 






or early-AGB 






NGC 6134.202 


1.73 


RGB 


m 


no 






or early-AGB 






NGC 6281.3 


2.42 


clump 


m 




NGC 628 1.4 


2.34 


clump 


m 




NGC 6633.78 


2.61 


early-AGB 


m 


no 


NGC 6633.100 


2.08 


clump 


m 


no 



( 1990). They also found that stars 7, 50, and 86 are most prob- 
ably single stars while, star 62 is a spectroscopi c binary. Stars 7 
and 86 were found by iBaumgardt et al.l d2000l) to have a 72% 
probability of membership based on Hipparcos (lESAl [l997) 
proper motions. The positions of the stars in the CMD (Fig. [TJ 
seem to indicate that stars 07, 50, and 62 are clump giants, while 
star 86 might be a clump or an early-AGB star. 

NGC 2447 



The three stars of this cluster analyzed by Hamdani et al. ( 2000) 
were included in our sample, NGC 2447 J28, 34 and 41, 
where th e numbering system fr om Becker et alj (1 19761) was also 
adopted. IMermilliod & Mayor! d 19891) found that the three stars 
were cluster members with no evidence of binarity. The position 
of the stars in the CMD (Fig. [TJ) seems to indicate that they are 
clump giants dClaria et al.ll2005l) . 



NGC 3532 

Five stars in this cluster were also included in our sample, stars 
NGC 3532.19, 100, 122, 596, and 670, where w e adopt the 
numb ering system o f Fernandez & Salgadol d 19801) . According 
to IGonzalez & Lapassetl d2002l) . stars 19, 122, and 670 show 
probable variations in the radial velocities and might be binaries. 
Stars 100 and 596 do not exhibit radial-v elocity variability and 
are po ssible single stars. Kinematic ally, IGonzalez & Lapassetl 
(2002) consider all five stars to be cluster members, although 
they flag star 670 with a doubtful membership because of its 
lar ge distance from the clus ter center. The photometric criteria 
bv lciaria & Lapass et ( 1988) for assigning membership indicate 
that all stars except star 122 are cluster members. 

As noted by IClaria & Lapassel ([1988), the positions of the 
stars in the CMD (Fig.QJ) seem to indicate that stars 19 and 596 
are possible clump giants in the core helium-burning phase. Star 
122 might be either a clump or an RGB star. Star 100 seems to 
be slightly more evolved, possibly on the early AGB. Star 670 
is the most luminous star of our sample. It is above the luminos- 
ity expected for the end of the core helium- burning and is thus 
probab ly an AGB star. We note however that IClaria & Lapassetl 
d!988l) classified this same star as a tip RGB object, a possibility 
that we cannot exclude. 



Howev er, the values of its rad i al velo city measured in this work 
and by IMermilliod & Mavorl d 19901) implies that this star is a 
member of the cluster. All five sample stars were considered to 
be members by Mermill ipd & Mayor] (ff990). The radial velocity 
monitoring by Mer milliod & Mavorl {1990) also indicated that 
stars 12, 14, 28, and 38 are most probably single stars, while star 
69 was shown to be a binary system with a period of 2000 days. 

The color-magnitude diagram (Fig. [TJ of this cluster should 
be interpre ted with caution because it i s affected by differential 
reddening ( Schmidtl [l978t ISmith1ll983l) . On the basis of their 
positions in the CMD, stars 12, 14, and 69 are possible clump 
giants, while star 28 seems to be a first-ascent red giant. Star 38 
is either at the base of the RGB or in the clump. 



NGC 3680 

Only one star of this cluster was included in ou r analysis, sta r 
NGC 3680.13, adopting th e numbering system oflEggenl(Tl 969). 
Based on proper motions, iKozhurina-Platais et al.l d 19951) con- 
cluded that star 1 3 is a member of the cluster. iMermilliod ^t al.l 
( 1995) found no evi dence of binarity and thus we consider star 
13 to be a single star. Claria & Lapasset (Il983l) classified the ob- 
ject as a core He-burning clump star. The isochrone that we used 
from iSchaller et all (1 1992b does not extend beyond the He flash. 
Based only in the CMD (Fig.[TJi, we identify NGC 3680.13 in- 
stead as a bump RGB star. However, we do not exclude the pos- 
sibility of it being a clump giant. 



NGC 2360 

The four stars analyzed bv lHamdani et al.l d2000l) , NGC 2360.7, 
50, 62, and 86, were included in ou r sample, where the number- 
ing system of Bec ker et al.l d 19761) was a dopted. All four stars 
were considered to be cluster members by Mermilliod & Mayor 



NGC 5822 

Five stars of this open cluster were included in our analy- 
sis, stars NGC 5822.1, 201, 240, 316 and 443, where we 
adopt the numbering system of iBozkuril dl974l) . According to 
Mermilliod & Mayoi] (Il990l) . all five stars seem to be true mem- 



14 



R. Smiljanic et al.: CNONa and C/ C in giant stars of 10 open clusters 



bers of the cluster. In this same work, star 201 was found to be 
a spectroscopic binary and all other sample stars are most prob- 
ably single stars. According to the CMD (Fig. [2j, we classified 
stars 240 as a first ascent giant, stars 201 and 316 as clump stars, 
and star 01 as an early- AGB star. Star 443 might be either a RGB 
or an early-AGB star. 

NGC 6134 

Three stars in this cluster were included in our analysis, NGC 
6134J30 , 99, a nd 202, according to the numbering system of 
iLindoffl dl972l) . According to IClaria & Mermilhodl dl992l) . all 
three stars are members of the cluster, stars 99 and 202 are single 
stars and star 30 is a spectroscopic binary. According to their po- 
sitions in the CMD (Fig.|2]i, stars 30 and 99 are probable clump 
or early-AGB stars, while star 202 might be a RGB or an early- 
AGB star. 




-0.6 



-0.4 -0.2 
[C/Fe] 



NGC 6281 

Two stars in this open cluster were included in our sam- 
ple, N GC 6281-3 and 4 acco rding to the numbering sys- 
tem of Feinstein & Fortd dl974l) . The photo metric criteria of 
IClaria et all d 1989b and the proper motions of iDias et all d2001l) 
indicate that both stars are cluster members. In the CMD (Fig. 
|2]), both stars seem to be clump giants. 



Fig. 10. Nitrogen abundances, [N/Fe], as a function of the car- 
bon abundances, [C/Fe], for the sample stars. Star IC 4756_69 is 
shown as an open square, star NGC 2360_62 as a starred symbol. 
Possible RGB stars, including the ones with dubious classifica- 
tion, are shown as full squares, clump giants as full circles, and 
possible early-AGBs as full triangles. The solid line connects the 
va lues expected f or star s between 1.7 and 4.0 M Q in the models 
of ISchaller et alj dl992l) . A typical error bar is shown. 



NGC 6633 

Two stars of this open cluster are included in our sample, NGC 
6633_ 7 8 and 100, where we adopt the numbe ring system of 
Kopff (1943). The proper motion study by Vasilevskis et al.1 
d 1958b indicated th at star 100 is a member. The radial veloc- 
ity measurements of Mermil liod & Mavorl d 1989b indicated that 
both stars are single stars and true members. According to their 
positions in the CMD (Fig. O, star 100 is a clump giant and star 
78 might be an early-AGB star. 

6. Discussion 

6.1. Carbon, nitrogen, and oxygen 

When the material is processed by the CNO-cycle, the relative 
abundances of C, N, and O change, but the sum C+N+O should 
remain constant. In Table [7] we list the sums C+N, O+N, C+O, 
and C+N+O for the sample stars. The sum of C+N+O in our 
sample varies slightly from 8.79 to 8.98, with an average of 8.88 
± 0.06. This value is close to the solar one, 9.00, and agrees 
with the almost solar average metallicity of our sample, [Fe/H] 
= +0.05 ± 0.06. The agreement between stars in a given cluster 
is also excellent, confirming that the observed mixing effects on 
CNO abundances are the result of the CNO-cycle. 

In Fig. [10] we plot the nitrogen abundances of the sample 
stars as a function of the carbon abundances. The isolated open 
square with high N and low C is star IC 4756_69, a binary star 
with a low-mass companion, probably a white dwarf. For this 
object, the observed CNO abundances (in reality, an upper limit 
for carbon and a lower limit for nitroge n) are compatible with 
those observed in more massive giants (Smiljanic et al. 2006) 
and are probably caused by a mass-transfer event in the system. 
We thus excluded IC 4756_69 from the following plots and dis- 
cussion. The star with the lowest N content is NGC 2360_62 
(starred symbol in Fig.QJJi, which is also a binary star. However, 
the reason for its low nitrogen abundance is unclear. 



1 1 1 1 1 1 1 1 1 1 1 1 1 r 

0.8 - m 




0.4 - 



i i i i i i i i i i i i i i i i 
2 2.5 3 

Mc,u„p (M s ) 

Fig. 11. [N/C] ratio as a function of the mass of the clump stars. 
Possible RGB stars are shown as full squares, clump giants as 
full circles, and possible early-AGBs as full triangles. The solid 
line represents the predicted [N/C] as a function o f initial stellar 
mass given by the models of Schaller et al.l dl992l) . 



Excluding these 2 stars, one can note that there is no corre- 
lation between C and N; a correlation coefficient of p = -0.14 
is found. The remaining stars have an average [C/Fe] = -0.17 ± 
0.04 and an average [N/Fe] = +0.43 ± 0.07. The low rms values 
imply that the stars have very similar abundances. To discuss 
mixing, however, it is more appropriate to use the [N/C] ratio 
rather than the N or C abundances. This ratio is given in Table|7] 
The sample has an average of [N/C] = +0.61 ± 0.08, in excellent 
agreement with the ratio predicted after the first dredge-up by 
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the models of Scha ller et all d 19921) for a star with 2.5 M Q , [N/C] 
= +0.58 dCharbonnelll994l) . 

In Fig.Qj] we plot the [N/C] ratio as a function of the stellar 
mass at the clump of each cluster. The clump mass must be very 
close to the mass of the sample stars in the individual clusters. 
Only small differences are expected, as can be seen by compar- 
ing the mass at the red turn-off and the mass at the clump, as 
listed in Table [2] In the same figu re, we show as a sol id line the 
[N/C] predicted by the models of Scha ller et all {T992) as a func- 
tion of mass after the first dredge-up. A small increase in [N/C] 
with stellar mass is predicted, in agreement with the observed 
behavior. A small difference in the average abundances on each 
side of the mass gap, between 2.4 and 2.8 M , is suggested by 
the figure. The stars of lower mass have, on average [N/C] = 
+0.57 ± 0.08, while the stars of higher mass have [N/C] = +0.64 
± 0.08. Given the observational uncertainties, it is however dif- 
ficult to judge whether this difference is real. 

The stars in all figures of this section are plotted with dif- 
ferent symbols according to their possible evolutionary stages. 
The group of stars with higher mass in Fig. [TT] (> 2.5 M Q ) 
mostly consist of more evolved clump (circles) and early-AGB 
stars (triangles). On the other hand, most less evolved RGB stars 
(squares) have masses lower than 2.5 M . These less evolved 
stars tend to have lower [N/C] ratios than clump and early-AGBs 
of the same mass. 

The four RGB stars in the lower mass range with smaller 
[N/C] are IC 4756.28, IC 4756 _38, NGC 5822.240, and NGC 
6134^02. The circle with low [N/C] is star NGC 2360.62, the 
binary with an anomalous low N abundance. This group of four 
stars has an average of [N/C] = +0.47 ± 0.04. The remaining, 
and possibly more evolved, stars with masses lower than 2.4 M 
have [N/C] = +0.63 ± 0.03. In case the difference in the abun- 
dances is real, it might be related to the evolutionary status of 
the stars. 

There are three other stars in the sample that could poten- 
tially be RGB stars based on the CMDs, NGC 3532.122, NGC 
3680.13, and NGC 5822.443. We do not have the [N/C] ratio 
for NGC 3680.13. Both of the other stars have [N/C] = +0.63. 
The higher [N/C] value of these last two stars might argue they 
are not RGB stars but more evo lved giants. 

We note that the models by Schal ler et alj (Q992) may over- 
estimate the effect of the first dredge-up for stars with ~2.2 M . 
For a 1.5 M star. ISchaller etail ( U992I) predict [N/C] = +0.44, 
closer to the average value of the RGB stars discussed above. 
Observations must thus be compared to predictions of models 
that include up-to-date initial abundances and solar mixtures. 
Work is in progress in that direction. 

In Fig. Q~2] we show the oxygen abundances of the sample 
stars as a function of the [N/C] ratio. A weak anti-correlation 
is evident with p — -0.5 3. This correlation was not detected 
by ISmilianic et alj d2006l) for more massive stars, M /M > 4. 
However, the correlation was seen bv lLuck et alJd2006l) for these 
more massive stars. Given the uncertainties, one needs to be cau- 
tious in these interpretations. Further analyses with larger sam- 
ples are necessary before a conclusion can be made. 

In Fig.[T3j we show the [O/Fe] ratio as a function of the stel- 
lar mass. The solid line repres ents the oxygen abundance in the 
models of Sch aller et alj d 19921) after the first dredge-up. Only a 
small change in [O/Fe] is expected. Our results suggest a slightly 
more pronounced dependence with the mass. However, it is in- 
teresting that the stars on the theoretical curve belong to the same 
cluster, IC 4756. This includes two of the RGB stars, IC 4756^8 
and 38, but also the clump giants IC 4756.12 and 14. If the ef- 
fect that we observe is real, it seems to be an effect related to 



0.2 



-0.2 



-0.4 



0.4 



0.6 
[N/C] 
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Fig. 12. The oxygen abundance of the sample stars as a function 
of the [N/C] ratio. Star IC 4756.69 is not shown. Symbols are as 
in Fig.Qj] The solid line connects the valu es expected for star s 
between 1.7 and 4.0 M in the models of ISchaller et all dl992l) . 
A typical error bar is shown. 




Fig. 13. The oxygen abundance of the sample stars as a function 
of the stellar mass at the clump. Symbols are as in Fig.[TT] The 
solid line represents the predicted [ O/Fe] as a function o f initial 
stellar mass given by the models of Sch aller et alj d 1992b . 



the stellar mass and not to an extra-mixing affecting giants with 
different evolutionary stages. 

6.2. Sodium 

Sodium abundances have been calculated for giants in a num- 
ber of open clusters. Very different results have however been 
reported in the literature. Some works measure d sodium over- 
abund ances of as high as [Na/Fe] = +0.60 dJacobson et alJ 
120071) . so me reported only a m ild overabundance of [Na/Fe] 
= +0.20 (Hamdani et al. 20 00l). and others reported solar or 
almost solar abundances dSestito et alj 120071) . Among the fac- 
tors responsible for this discrepancy was the adoption of differ- 
ent gfs for the Na lines. For example, the values of gfs that 



16 



R. Smiljanic et al.: CNONa and C/ C in giant stars of 10 open clusters 




Fig. 14. Sodium abundance, [Na/Fe], as a function of the [N/C] 
ratio for the sample stars. Symbols are as in the previous figures. 
The solid line connects the values for [Na/F e] expected for stars 
between 1.8 and 4. M H in the models of iMowlavil d 19991) to 
the [N/C] values of ISchaller et alj dl992l) . A typical error bar is 
shown. 



we adopt were derived with respect to the Sun for the lines A 
6154 A and 6160 A and by using a solar sodium abundance 
of A(Na) = 6.33 dGrevesse & Sauvallll998l) . These values are 
the same as those reported in the NIST database. They are 
0.1 8 and 0.24 dex higher , respectively, than the values adopted 
by Jacobson et al. (2007), which had been derived with respect 
to Arcturus. Another factor is the adoption of different NLTE 
corrections, or even no correction. As discussed before, we 
ad opted corrections in our analysis that are based on the work 
bv lTakeda et all d2003l) . 

In Fig. [14l we plot the sodium abundances derived in this 
work as a function of [N/C]. We obtain a correlation coefficient 
of p = 0.49, which indicates if anything only a weak correlation. 
The average sodium abundance of the sample is [Na/Fe] = 0.01 
+ 0.05, for the complete interval of [N/C]. 

The sodium abundances are displayed in Fig. [15] as a func- 
tion of stellar mass, together with the first dredge-up predictions 
from a standard evolution code (Mowlavi 1999; Hamdan i et alj 
2000). Both the observed and predicted abundances show an in- 
crease of about 0.10 dex over the mass range covered by our 
sample. A 2 x 2 contingency table was compiled with the lim- 
its Mdump = 2.5 and [Na/Fe] = 0.00. The two-tailed Fisher test 
yields a probability P = 0.01 1 that the samples are drawn from 
the same parent population, which demonstrates that the corre- 
lation is significant. The agreement would be perfect were it not 
for a slight offset of about 0.08 dex between the observed and 
predicted data. Since we do not expect the sodium surface abun- 
dance to decrease during the evolution of a star by means of the 
first and second dredge-ups, we may argue that our observed val- 
ues are, on average, slightly underestimated by about 0.08 dex. 
While this remains within the margins of error, the most signif- 
icant result of our data is the relative increase in the Na abun- 
dances as a function of stellar mass by an amount that agrees 
with model predictions. 

In summary, our results do not support the claim by 
iJacobson et al.l d2007l and references therein) of sodium over- 
abundances as high as +0.60 in giants of open clusters, in 



Fig. 15. Sodium abundances, [Na/Fe], as a function of the mass 
of the clump stars. A typical error bar is shown. The solid line 
represents the predicted [Na /Fe] as a funct ion of initial stellar 
mass, given by the models of lMowlavil dl999l) . 

agreement with the concl usions of iRandich et al.l d2006l) and 
ISestito et all d2007l 120081) . Our results instead are consistent 
with a slight dependence, as predicted by standard stellar evo- 
lution models, of the sodium abundance at the surface of red 
giants on stellar mass. 

6.3. 12 C/ n C 

iGilrovl dl989l) and lGilrov & Brownl ( 1 19911) analyzed stars from 
20 open clusters and showed that the 12 C/ 13 C ratio in giants of 
clusters with turn-off masses higher than ~ 2.2M agree with the 
expec ted behavior from st andard first dredge- up models, 12 C/ 13 C 
~ 20 dSchalleret al.ll 19921) (see also Fig. 6 of lCharbonnell 19941) . 
They also found, on the other hand, that giants in clusters with 
turn-off masses lower than ~ 2.2M have a decreasing carbon 
isotopic ratio with decreasing turn-of f mass. 

Although fGilrov & Brownl d!991l) found no evidence in M67 
for diff erent carbon isotop i c ratio s between red giants and clump 
giants, ITautvaisiene et al.l d2000h analyzing a larger sample of 
M67 clump giants found a small difference between the iso- 
topic ratios of these two groups. A possible additional mix- 
ing after the He-core flash was suggested. A similar differ- 
ence between clump and red giants, however, was not found by 
ITautvaisiene et all d2005l) in NGC 7789. 

In Fig. [T6J we plot the carbon isotopic ratios of our sam- 
ple as a function of the turn-off mass. The isotopic ra tios of the 
cluster stars analyzed by Gilrovld 19891) and lLuckld 19941) are also 
shown. In this figure, we decided to plot turn-off mass and not 
the clump mass, which is a more reliable indicator of the true 
stellar mass, to facilitate the comparison with previous results. 
This figure shows that part of our determinations are in good 
agreemen t with t he rel ation between 12 C/ 13 C and turn-off mass 
found bv lGilrovl d 1 989b . However, it is also clear that some stars 
have lower 12 C/ 13 C ratios than previously found. In the case of 
the cluster stars with Mxo ~ 2.0 M Q , we find additional stars 
with low carbon isotopic ratios. The mean ratio for stars in this 
region is 12 C/ 13 C = 13.1 ± 2.6. The second group of low 12 C/ 13 C 
stars, however, have higher masses, which cannot be explained 
by the observational scatter. Four stars in clusters with Mxo ^ 2.6 
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Fig. 16. The carbon isotopic ratio, 12 C/ 13 C, as a function of turn- 
off mass. Stars analyzed in this wo rk are p lotted as in the pre- 
vious figures: the stars analyzed bv lGilrovl (1 19891) ar e shown as 
open squares, and the stars analyzed by lLuckl(ll994l) are shown 
as starred symbols, or as an open triangle when only a lower 
limit was available. The theoretical value of 12 C/ 13 C as a func- 
tion o f the initial stellar mass from the models of ISchaller et al.l 
(1992) is shown as a solid line. 



M have an average of I2 C/ I3 C = 11.5 + 1.0. These stars, NGC 
3532_19, NGC 3532.100, NGC 6281.3, and NGC 6281.4, devi- 
ate considerably from other stars in the same mass range. This 
behavior has not been clearly detected or reported before. This 
result shows that intermediate-mass stars may also experience 
an extra-mixing episode, which produces a drop of the 12 C/ 13 C 
ratio. 

In low-mass RGB stars, the low carbon isotopic ratio is 
attributed to the rmohaline mixing operating immediately after 
the RGB bump dCharbonnel & Zahnl l2007a). For intermediate- 
mass stars, thermohaline mixing is not expected to occur 
during the RGB because these stars ignite central helium- 
burning before reaching the bump . However, as suggested by 
Charbonnel & Balachandran (2000), a similar mechanism might 
oper ate in higher mass stars during the early-AGB phase (see 
also lCantiello & Langerl2008l) . This effect might explain the ob- 
served low 12 C/ 13 C ratio in these stars. 

However, when we consider the stellar evolutionary status 
that we have determined, some difficulties remain. Indeed of 
the four stars with M/M > 2.0 and low 12 C/ 13 C, only NGC 
3532.100 was classified as an early-AGB, the remaining three 
stars being classified as clump stars. Furthermore, the two stars 
classified as AGBs with M/M > 2.0 have high 12 C/ 13 C (NGC 
3532.670 and NGC 6633.78). This could imply that not all of 
these stars will develop a l ow 12 C/ 13 C ratio. As discussed by 
ICharbonnel & Zahnl d2007bh . thermohaline mixing could indeed 
be inhibited by fossil magnetic fields in stars that are descen- 
dants of Ap stars. On the other hand, one should also keep in 
mind that a reliable classification of these stars is not an easy 
task and this could affect our findings. 

The I2 C/ 13 C ratio of the four probable RGB stars was deter- 
mined and found to be low for three of them, IC 4756^28, 38, 
and NGC 5822.443. In the CMD two of the stars seem to be 
post-bump giants, which explains their low ratio. However, IC 
4756 .38 was classified as a pre-bump giant or alternatively as a 



clump star in spite of its low [N/C]. We note that the cluster IC 
4756 is affected by differential reddening, which complicates the 
classification of its member stars. 



7. Conclusions 

We have reported the observational results of a homogeneous 
abundance analysis of elements affected by evolutionary mixing 
in giants of open clusters. Abundances of C, N, O, Na and the 
12 C/ 13 C ratio are derived from high resolution, high S/N spec- 
tra using spectrum synthesis. Our sample consists of 31 objects, 
including red giants, clump giants, and early-AGB stars, in 10 
open clusters. 

The average [N/C] ratio of the sample, [N/C] = +0.61, 
is in very good agr eement with the values predicted by the 
Scha ller et al.l (1 1992b models after the first dredge-up. However, 
we identify a group of first ascent red giants with average [N/C] 
= +0.43 + 0.04, which is lower than for the more evolved stars, 
with [N/C] = +0.63 + 0.03. This result might indicate a real dif- 
ference in mixing between red giants and clump or early-AGB 
giants, in contrast to that expected in the standard stellar models, 
but in agreement with models including thermohaline convec- 
tion (Charbonnel & Zahn 2007a; Charbonnel et al. in prepara- 
tion). 

A weak trend with mass, in the sense of smaller [O/Fe] for 
higher mass stars, is also suggested. This must however be inter- 
preted with caution because of the observational error bars. 

The sodium abundances derived in our sample are between 
the values [Na/Fe]=-0.08 and 0.10 dex. We thus do not measure 
any high sodium overabundance, i.e., values of up to +0.60 dex, 
as previously reported in the literature. However, the strength of 
our analysis is the range of stellar masses covered by our stars, 
inbetween 1 .8 and 3.2 M , in which stellar evolution models pre- 
dict an increase of 0.10 dex in the surface sodium enhancement 
as a function of stellar mass. Our results agree with both the 
continuous increase in [Na/Fe] predicted as a function of stellar 
mass and the predicted amplitude of this increase of 0.10 be- 
tween 1.8 and 3.2 M . 

The well-known correlation between 12 C/ 13 C and mass, for 
stars with M/M < 2.5, is also seen in our results. However, 
we also discuss for the first time a group of slightly more mas- 
sive stars with low 12 C/ I3 C. Since these more massive stars do 
not go through the bump while on the RGB, the extra-mixing 
events that modify their surface abundances do not occur at 
the same evolutionary ph ase as for stars with M/M < 2.5 . 
However, as discussed by Charb onnel & Balachandran! (|2000), 
an extra-mixing event might take place in these stars during the 
early-AGB and could be related to thermohaline conv ection (see 
ICharbonnel & Zahnll2007at ICantiello & Langerll2008l) 

A detailed comparison of these observational results with the 
predictions of evolutionary models that include the effects of the 
thermohaline mixing, will be presented in a forthcoming paper. 
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Table A.l. Equivalent widths of the lines used in the abundance analysis of the stars IC 2714_5, IC 4756.12, 14, 28, 38, 69, and NGC 3532.19. 
Lines with equivalent widths smaller than 10 mA and larger than 150 mA were not used. 



A ( A) 
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AT(eV) 


log gf 


2714.5 


4756.12 


4756.14 
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26.5 


31.0 


6028.28 


V2 


2.48 


-1.990 


15.8 


15.0 


18.9 


16.4 


13.6 


12.4 


17.3 


5122.12 


CR1 


1.03 


-3.240 


58.0 


49.5 


83.9 


95.1 


49.9 


48.5 


65.6 


5296.69 


CR1 


0.98 


-1.510 


152.5 


139.3 


177.2 


180.4 


136.0 


141.8 


155.1 


5300.75 


CR1 


0.98 


-2.230 


119.2 


104.2 


134.3 


131.5 


98.0 


102.2 


113.7 


5304.18 


CR1 


3.45 


-0.770 


33.7 


29.6 


48.1 


50.1 


31.0 


33.7 


37.1 


5312.88 


CR1 


3.43 


-0.690 


53.6 


35.4 


54.1 


55.8 


40.4 


37.4 


47.5 


5318.78 


CR1 


3.43 


-0.800 


30.4 


31.9 


52.8 


51.2 


32.6 


32.3 


37.3 


5329.12 


CR1 


2.90 


-0.140 


99.7 


102.2 


128.1 


130.1 


100.9 


105.5 


109.0 


5340.44 


CR1 


3.42 


-0.840 


- 


33.2 


50.6 


50.4 


31.9 


35.7 


38.0 


5348.32 


CR1 


1.00 


-1.370 


151.9 


140.8 


174.6 


180.2 


138.8 


142.8 


154.5 


5783.07 


CR1 


3.31 


-0.400 


69.6 


63.2 


76.6 


77.5 


59.8 


60.3 


63.6 


5783.87 


CR1 


3.31 


-0.560 
















5787.99 


CR1 


3.31 


-0.260 


81.4 


75.2 


91.2 


87.3 


71.7 




82.7 


5788.39 


CR1 


3.00 


-1.720 


21.3 


21.9 


38.1 


40.8 


18.4 


16.5 


25.0 


5844.61 


CR1 


3.00 


-1.820 


24.9 


18.4 


30.6 


36.5 


17.4 


12.6 


25.0 


5863.96 


CR1 


3.11 


-1.970 






22.5 


25.9 








6135.78 


CR1 


4.80 


0.550 


34.9 


30.1 


38.9 


43.9 


29.7 


30.5 


40.6 


6501.21 


CR1 


0.98 


-3.730 


25.4 


23.7 


44.3 


49.5 


22.8 


21.1 


35.3 


6630.02 


CR1 


1.03 


-3.240 


40.3 






73.9 
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Table A.l. continued. 



o 

A (A) 


Elem. 


*(eV) 


log gf 


2714_5 


4756.12 


4756_14 


4756^8 


4756_38 


4756_69 


3532_19 


5305.87 


CR2 


3.81 


-2.240 


50.1 


47.1 


— 


45.0 


41.3 


51.4 


56.5 


5310.70 


CR2 


4.05 


-2.410 


31.7 


26.7 


27.5 


25.4 


25.8 


28.1 


35.8 


5313.59 


CR2 


4.06 


-1.840 


66.8 


60.2 


57.6 


61.0 


53.3 


62.8 


67.7 


5334.88 


CR2 


4.05 


-1.750 


58.9 


54.0 


62.1 


58.5 


54.4 


56.8 


62.7 


5133.69 


FE1 


4.18 


0.140 


179.8 


169.5 


189.0 


198.7 


171.6 


168.3 


178.6 


5141.75 


FE1 


2.42 


-2.240 


139.7 


129.2 


159.7 


146.1 


128.3 


125.1 


144.0 


5143.73 


FE1 


2.20 


-3.690 


78.4 


71.2 


104.9 


— 


69.0 


64.3 


86.7 


5293.97 


FE1 


4.14 


-1.840 


62.4 


58.8 


75.6 


71.1 


55.7 


59.7 


67.6 


5294.55 


FE1 


3.64 


-2.810 


40.1 


34.1 


56.7 


54.1 


34.4 


36.2 


41.8 


5295.32 


FE1 


4.42 


-1.670 


56.1 


42.5 


66.8 


61.3 


49.1 


53.1 


59.0 


5307.36 


FE1 


1.61 


-2.978 


154.4 


139.5 


170.7 


165.4 


133.3 


139.6 


155.2 


5315.07 


FE1 


4.37 


-1.550 


— 


— 


74.0 


75.9 


61.3 


64.4 


77.8 


5320.05 


FE1 


3.64 


-2.490 


50.2 


42.4 


59.5 


60.0 


43.9 


44.8 


52.5 


5321.11 


FE1 


4.44 


-1.090 


— 


— 


79.7 


— 


— 


— 


— 


5322.05 


FE1 


2.28 


-2.800 


112.0 


— 


126.8 


124.4 


— 


101.5 


115.3 


5326.79 


FE1 


4.42 


-2.090 


36.9 


33.5 


— 


49.6 


34.8 


35.0 


37.9 


5339.94 


FE1 


3.27 


-0.720 


172.4 


162.1 


182.9 


183.3 


161.9 


161.3 


170.8 


5358.10 


FE1 


3.29 


-3.400 


— 


— 


— 


— 


— 


— 


— 


5367.47 


FE1 


4.42 


0.443 


153.5 


— 


152.5 


152.4 


— 


— 


151.3 


5369.97 


FE1 


4.37 


0.536 


— 


— 


168.3 


170.8 


— 


— 


— 


5568.81 


FE1 


3.64 


-2.950 


33.6 


28.4 


41.5 


48.9 


28.0 


30.6 


37.3 


5759.27 


FE1 


4.65 


-2.070 


18.9 


16.5 


22.6 


— 


17.9 


16.6 


19.7 


5760.35 


FE1 


3.64 


-2.490 


54.2 


45.8 


60.4 


64.7 


44.7 


46.2 


56.9 


5775.09 


FE1 


0.05 


-1.298 


— 


— 


— 


— 


— 


— 


— 


5778.47 


FE1 


2.59 


-3.430 


70.2 


61.4 


81.3 


83.2 


55.9 


60.3 


65.7 


5784.69 


FE1 


3.40 


-2.532 


— 


62.0 


77.5 


75.3 


55.1 


60.4 


65.5 


5838.42 


FE1 


3.94 


-2.290 


49.2 


42.4 


60.0 


58.0 


41.6 


42.2 


52.9 


5849.70 


FE1 


3.69 


-2.990 


24.2 


29.3 


43.4 


44.5 


29.7 


24.8 


27.0 


5852.19 


FE1 


4.55 


-1.300 


75.6 


66.8 


89.0 


— 


63.8 


66.8 


78.5 


5853.18 


FE1 


1.48 


-5.270 


39.0 


33.8 


59.7 


62.6 


32.8 


35.2 


46.9 


5855.09 


FE1 


4.61 


-1.478 


— 


40.8 


50.4 


54.2 


40.5 


41.8 


46.0 


5856.08 


FE1 


4.29 


-1.328 


— 


— 


— 


— 


— 


— 


— 


5858.77 


FE1 


4.22 


-2.260 


37.6 


32.7 


42.6 


44.9 


30.6 


31.1 


38.5 


5859.61 


FE1 


4.53 


-0.600 


— 


— 


— 


— 


— 


— 


— 


5862.36 


FE1 


4.53 


-0.250 


— 


— 


— 


— 


— 


— 


— 


6003.03 


FE1 


3.88 


-1.110 


118.2 


109.6 


123.1 


124.4 


105.8 


107.4 


121.6 


6007.96 


FE1 


4.63 


-0.750 


— 


— 


— 


— 


— 


— 


— 


6008.58 


FE1 


3.87 


-1.100 


— 


— 


— 


— 


— 


— 


— 


6015.25 


FE1 


2.22 


-4.680 


28.5 


23.4 


38.1 


48.4 


23.4 


21.0 


32.3 


6019.36 


FE1 


3.57 


-3.360 


22.7 


19.3 


30.5 


34.6 


19.5 


16.7 


24.6 


6024.07 


FE1 


4.55 


-0.110 


138.4 


126.6 


134.1 


137.9 


123.5 


126.6 


137.0 


6027.06 


FE1 


4.08 


-1.089 


107.7 


95.1 


106.7 


107.5 


90.4 


94.8 


104.9 


6034.04 


FE1 


4.31 


-2.420 


30.9 


— 


29.6 


37.1 


19.5 


20.9 


35.2 


6035.34 


FE1 


4.29 


-2.590 


17.3 


15.5 


23.6 


27.0 


17.7 


17.8 


20.7 


6054.10 


FE1 


4.37 


-2.300 


24.3 


18.7 


29.0 


29.0 


18.7 


18.6 


26.2 


6120.25 


FE1 


0.91 


-5.970 


39.0 


31.6 


59.1 


65.9 


28.6 


27.9 


40.0 


6151.62 


FE1 


2.18 


-3.299 


101.7 


91.4 


109.7 


116.6 


86.0 


90.5 


105.7 


6157.73 


FE1 


4.08 


-1.220 


106.4 


98.6 


121.4 


121.4 


94.8 


97.7 


119.3 


6165.37 


FE1 


4.14 


-1.474 


78.3 


69.6 


87.1 


85.5 


67.7 


69.3 


82.4 


6173.34 


FE1 


2.22 


-2.880 


131.8 


116.9 


143.3 


143.0 


109.0 


111.7 


132.4 


6475.63 


FE1 


2.56 


-2.940 


114.3 


104.4 


133.9 


130.3 


97.9 


100.2 


118.1 


6481.87 


FE1 


2.28 


-2.984 


121.9 


108.2 


134.4 


137.2 


105.3 


103.4 


125.1 


6483.94 


FE1 


1.48 


-5.650 


— 


— 


— 


— 


— 


— 


— 


6495.74 


FE1 


4.83 


-0.920 


84.1 


61.8 


80.5 


78.8 


60.0 


65.5 


69.8 


o4yo.4 / 


i r i 

rrll 


A Qf\ 


— U.DlU 


yu.y 


OO H 

yZ. I 


1 1 A 1 

1 1U. i 


1 f\A A 

1U4.4 


O /.0 


OO. / 


y /.o 


6498.95 


FE1 


0.96 


-4.687 


113.3 


106.3 


140.2 


142.3 


99.8 


102.6 


125.8 


6627.56 


FE1 


4.55 


-1.680 


56.6 


46.5 


60.4 


64.4 


47.8 


48.7 


60.7 


6633.42 


FE1 


4.83 


-1.490 






62.7 


60.6 








6633.76 


FE1 


4.56 


-0.799 


89.6 


88.3 


100.0 


98.3 


88.4 


90.3 


98.5 


6646.98 


FE1 


2.61 


-3.990 


48.5 


36.7 


63.5 


69.0 


36.9 


37.6 


54.9 


6648.08 


FE1 


1.01 


-5.918 
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Table A.l. continued. 



D 

A (A) 


Elem. 


#(eV) 


log gf 


2714_5 


4756.12 


4756_14 


4756^8 


4756_38 


4756_69 


3532_19 


5132.67 


FE2 


2.79 


-4.110 


60.8 


49.5 


55.2 


50.4 


50.9 


47.9 


61.6 


5256.94 


FE2 


2.89 


-4.050 


56.9 


45.4 


49.2 


49.1 


41.5 


46.9 


55.2 


5264.81 


FE2 


3.23 


-3.200 


— 


73.0 


69.7 


69.5 


67.0 


— 


— 


5325.56 


FE2 


3.22 


-3.160 


83.0 


69.9 


72.6 


64.5 


66.3 


74.3 


81.1 


5414.08 


FE2 


3.22 


-3.650 


60.2 


50.5 


47.1 


42.5 


45.8 


49.0 


55.1 


5425.26 


FE2 


3.20 


-3.220 


77.8 


66.3 


— 


59.9 


61.7 


64.8 


73.5 


6084.10 


FE2 


3.20 


-3.760 


53.3 


44.8 


45.0 


39.4 


38.9 


43.4 


50.8 


6113.33 


FE2 


3.22 


-4.110 


— 


32.9 


34.8 


— 


29.8 


— 


37.5 


6129.70 


FE2 


3.20 


-4.600 


— 


— 


— 


— 


— 


— 


— 


6149.24 


FE2 


3.87 


-2.700 


— 


54.9 


53.1 


50.8 


51.1 


57.8 


66.5 


6247.56 


FE2 


3.89 


-2.310 


89.1 


76.2 


— 


65.9 


72.2 


79.0 


87.6 


6369.46 


FE2 


2.89 


-4.150 


52.2 


42.5 


40.8 


40.5 


38.7 


44.3 


50.6 


6416.93 


FE2 


3.89 


-2.720 


67.5 


60.6 


57.8 


58.3 


56.3 


63.7 


70.4 


6456.39 


FE2 


3.90 


-2.060 


107.3 


89.5 


81.4 


78.8 


85.2 


92.3 


100.4 


5301.04 


COl 


1.70 


-2.080 


67.0 


64.0 


93.3 


97.4 


62.0 


65.3 


74.8 


5325.28 


COl 


4.21 


-0.100 


26.3 


23.1 


31.5 


31.0 


24.5 


24.2 


27.3 


5342.70 


COl 


4.00 


0.550 


56.4 


50.8 


64.2 


61.2 


47.3 


51.3 


56.9 


5352.05 


COl 


3.56 


-0.020 


62.7 


52.3 


72.9 


70.7 


50.8 


53.1 


60.8 


5359.20 


COl 


4.13 


0.010 


22.2 


19.4 


23.3 


23.3 


17.1 


18.4 


23.0 


5369.59 


COl 


1.73 


-1.730 


— 


— 


— 


— 


— 


— 


— 


6117.00 


COl 


1.78 


-2.570 


34.8 


26.6 


50.1 


58.1 


24.4 


25.6 


36.3 


6490.34 


COl 


2.03 


-2.580 


31.2 


22.0 


32.5 


41.4 


19.3 


22.3 


30.1 


6632.47 


COl 


2.27 


-2.060 


38.7 


31.2 


55.5 


58.6 


30.3 


29.7 


44.1 


5137.08 


Nil 


1.67 


-1.630 


152.2 


144.2 


165.2 


165.0 


141.1 


147.5 


— 


5593.74 


Nil 


3.90 


-0.930 


71.3 


63.9 


72.7 


73.9 


63.8 


61.1 


72.2 


5760.83 


Nil 


4.09 


-0.850 


71.1 


56.4 


71.2 


71.2 


51.8 


55.7 


63.7 


5847.01 


Nil 


1.67 


-3.480 


73.6 


63.9 


91.8 


— 


58.4 


63.7 


77.7 


6007.31 


Nil 


1.67 


-3.400 


73.2 


64.7 


82.3 


86.8 


61.0 


61.0 


76.2 


6053.68 


Nil 


4.22 


-1.110 


48.0 


35.4 


47.7 


48.1 


35.6 


36.8 


51.0 


6111.06 


Nil 


4.07 


-0.900 


64.3 


55.4 


64.8 


66.7 


54.1 


56.0 


63.2 


6128.99 


Nil 


1.67 


-3.400 


76.4 


63.7 


89.3 


95.4 


59.5 


63.2 


77.1 


6130.13 


Nil 


4.25 


-1.030 


42.4 


33.3 


38.5 


45.8 


34.0 




43.9 


OOjJ.l J 


MI 1 

IN 11 


A AC\ 


— U.O jU 


4S.U 




J 1 .0 


JU.J 


A 1 A 
41 .4 


/in q 


Q 


6643.64 


Nil 


1.67 


-1.980 


164.8 


150.1 


177.2 


180.8 


144.0 


149.1 


165.1 


5119.12 


Y2 


0.99 


-1.370 


52.6 


44.1 


60.5 


63.9 


46.1 


44.0 


63.5 


5289.82 


Y2 


1.03 


-1.870 


22.8 


21.8 


37.0 


31.0 


17.5 


24.7 


30.8 


5330.58 


CE2 


0.87 


-0.280 


28.0 


22.7 


39.6 


35.9 


20.7 


25.7 


31.3 


6043.39 


CE2 


1.21 


-0.340 


15.4 


13.0 


18.3 


21.0 


8.2 


6.3 


18.2 


6645.11 


EU2 


1.37 


0.170 


41.1 


31.3 


36.5 


38.6 


25.4 


33.8 


42.2 
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Table A.2. Equivalent widths of the lines used in the abundance analysis of the stars NGC 3532.100, 122, 596, 670, NGC 3680.13, NGC 5822.1, 
201, and 240. Lines with equivalent widths smaller than 10 mA and larger than 150 mA were not used. 



A ( A) 


Element 


3532.100 


3532.122 


3532.596 


3532.670 


3680.13 


5822.1 


5822^01 


5822^40 


6154.22 


NA1 


108.8 


81.1 


87.7 


133.8 


91.5 


111.5 


78.5 


113.2 


6160.75 


NA1 


120.2 


99.2 


106.5 


148.9 


109.5 


125.9 


97.3 


126.9 


5528.42 


MG1 


250.4 


234.8 


235.1 


277.5 


250.1 


254.5 


226.3 


267.9 


5711.09 


MG1 


146.3 


129.0 


136.5 


162.6 


129.3 


152.9 


131.4 


151.5 


5772.15 


SI1 


89.2 


82.2 


88.0 


83.6 


74.5 


79.5 


77.4 


77.8 


6125.03 


SI1 


60.0 


48.8 


54.0 


- 


51.5 


59.8 


49.0 


61.1 


6131.58 


SI1 


45.7 


48.1 


45.5 


41.9 


34.2 


35.9 


35.1 


35.3 


6131.86 


SI1 


43.1 


25.1 


36.0 


46.6 


33.9 


41.2 


37.8 


41.3 


6142.53 


SI1 


50.0 


43.7 


49.5 


45.4 


43.1 


43.5 


46.1 


43.0 


6145.08 


SI1 


60.2 


51.4 


54.3 


54.0 


47.2 


47.7 


49.2 


47.5 


6155.14 


SI1 


106.6 


93.0 


102.0 


105.8 


94.5 


95.2 


95.8 


94.2 


5867.57 


CA1 


53.3 


50.8 


51.9 


80.6 


58.6 


69.4 


46.4 


71.8 


6122.23 


CA1 


228.0 


222.8 


207.1 


284.6 


232.8 


248.3 


207.2 


257.7 


6156.03 


CA1 


33.1 


35.5 


37.7 


66.0 


38.5 


45.4 


23.6 


47.1 


6161.29 


CA1 


- 


110.2 


116.1 


169.9 


- 


147.4 


106.4 


- 


6166.44 


CA1 


120.3 


101.0 


107.6 


145.5 


118.2 


127.6 


100.0 


130.1 


6169.04 


CA1 


145.7 


122.7 


129.3 


174.2 


143.2 


153.9 


126.0 


157.1 


6169.56 


CA1 


159.9 


146.3 


147.9 


188.9 


159.4 


168.3 


121.5 


170.5 


6493.78 


CA1 


181.2 


170.9 


166.7 


207.4 


172.5 


190.2 


158.5 


191.1 


6499.65 


CA1 


148.1 


127.0 


132.1 


177.0 


138.6 


154.9 


124.5 


154.6 


5318.34 


SC2 


51.2 


43.7 


55.5 


66.9 


43.4 


54.1 


41.4 


53.7 


5334.22 


SC2 


26.4 


16.2 


25.6 


48.5 


27.8 


36.1 


18.8 


36.0 


5145.47 


Til 


107.3 


86.5 


90.6 


154.5 


108.2 


126.3 


85.9 


127.9 


5295.78 


Til 


67.6 


46.4 


55.0 


111.2 


76.9 


91.7 


53.2 


95.2 


5299.98 


Til 


- 


31.7 


47.2 


- 


- 


- 


- 


- 


5338.33 


Til 


- 


33.7 


38.6 


- 


- 


- 


- 


- 


5351.07 


Til 


42.4 


34.0 


38.3 


68.8 


44.1 


51.5 


31.7 


56.7 


5766.33 


Til 


34.2 


25.7 


23.2 


55.4 


39.8 


46.1 


28.0 


46.1 


6121.01 


Til 


31.3 


19.2 


17.7 


70.7 


38.4 


55.0 


20.4 


57.0 


6126.22 


Til 


96.8 


64.8 


70.8 


145.3 


99.1 


120.9 


70.5 


123.7 


6497.68 


Til 


40.1 


11.0 


20.5 


85.8 


44.5 


65.1 


20.4 


66.4 


5846.27 


VI 


22.3 


12.2 


16.0 


54.2 


25.4 


35.0 


19.4 


34.1 


6002.65 


VI 


33.2 


- 


18.8 


74.6 


35.4 


52.9 


18.8 


56.6 


6039.69 


VI 


74.6 


45.8 


48.6 


121.5 


82.4 


99.0 


48.8 


104.3 


6111.65 


VI 


74.1 


45.6 


47.0 


145.6 


95.9 


118.2 


49.1 


125.4 


6119.53 


VI 


88.3 


69.0 


72.9 


135.6 


93.0 


115.2 


64.2 


123.0 


6135.37 


VI 


72.2 


50.3 


47.6 


128.5 


84.7 


105.3 


47.8 


109.8 


6150.15 


VI 


86.0 


56.6 


59.8 


162.8 


105.7 


130.8 


54.4 


- 


6504.19 


VI 


63.1 


42.2 


40.2 


105.0 


64.7 


84.5 


40.4 


88.3 


5303.22 


V2 


32.3 


23.1 


34.8 


50.7 


25.5 


39.4 


23.3 


38.8 


6028.28 


V2 


18.9 


9.1 


13.9 


25.2 


15.9 


20.0 


11.6 


19.0 


5122.12 


CR1 


80.1 


61.1 


55.6 


- 


- 


- 


59.6 


- 


5296.69 


CR1 


174.4 


149.0 


155.6 


231.1 


170.3 


191.8 


144.4 


200.7 


5300.75 


CR1 


129.4 


108.3 


116.6 


164.4 


127.4 


144.1 


105.0 


151.3 


5304.18 


CR1 


41.4 


35.8 


39.4 


74.3 


46.5 


48.5 


33.0 


60.8 


5312.88 


CR1 


52.0 


46.1 


46.4 


73.2 


52.4 


59.9 


43.2 


64.0 


5318.78 


CR1 


42.6 


24.4 


38.6 


80.2 


49.8 


58.6 


34.3 


64.6 


5329.12 


CR1 


119.8 


115.6 


- 


174.6 


128.5 


140.2 


109.7 


- 


5340.44 


CR1 


43.7 


20.1 


39.0 


64.8 


51.1 


53.6 


34.7 


56.3 


5348.32 


CR1 


172.3 


137.9 


153.4 


223.8 


169.7 


191.1 


145.8 


198.8 


5783.07 


CR1 


72.9 


62.4 


66.3 


97.1 


75.0 


86.3 


62.3 


88.2 


5783.87 


CR1 


















5787.99 


CR1 


86.1 


76.2 


82.0 


104.5 


86.5 


92.2 


75.7 


97.9 


5788.39 


CR1 


30.6 


25.7 




61.6 


34.3 


49.6 


23.8 


47.3 


5844.61 


CR1 


32.3 


18.7 


17.7 


50.4 


29.8 


39.5 


20.1 


39.9 


5863.96 


CR1 








33.2 


24.2 


30.6 




29.8 


6135.78 


CR1 


40.7 


31.9 


32.7 


54.0 


38.7 


47.0 


34.2 


46.9 


6501.21 


CR1 


46.3 


22.4 


28.6 


86.8 


49.2 


65.9 


26.6 




6630.02 


CR1 








116.4 




91.6 
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Table A.2. continued. 



o 

A ( A) 


Element 


3532_100 


3532_122 


3532_596 


3532_670 


3680_13 


5822_1 


5822J>01 


5822J>40 


5305.87 


CR2 


57.5 


44.4 


58.8 


51.0 


40.2 


47.4 


47.7 


45.2 


5310.70 


CR2 


31.6 


27.3 


38.0 


32.5 


24.2 


22.4 


27.9 


28.2 


5313.59 


CR2 


64.3 


62.6 


68.7 


78.4 


51.2 


59.3 


59.5 


58.1 


5334.88 


CR2 


63.0 


54.8 


67.7 


59.6 


53.1 


51.6 


54.2 


48.6 


5133.69 


FE1 


201.0 


187.0 


188.2 


230.0 


202.3 


206.2 


179.3 


210.9 


5141.75 


FE1 


161.4 


136.9 


144.6 


194.8 


154.2 


167.6 


134.0 


171.3 


5143.73 


FE1 


101.7 


75.1 


84.5 


— 


— 


— 


76.4 


— 


5293.97 


FE1 


70.0 


56.9 


68.1 


85.1 


71.4 


76.7 


60.3 


78.7 


5294.55 


FE1 


48.9 


37.4 


AAA 


74.2 


51.0 


58.8 


39.6 


59.5 


5295.32 


FE1 


64.9 


51.4 


62.2 


75.5 


59.0 


64.7 


55.2 


64.4 


5307.36 


FE1 


172.5 


144.7 


158.5 


199.7 


160.7 


178.7 


139.6 


180.2 


5315.07 


FE1 


85.3 


62.7 


— 


— 


72.3 


— 


67.0 


— 


5320.05 


FE1 


61.6 


40.5 


47.0 


74.2 


58.9 


62.5 


41.4 


63.4 


5321.11 


FE1 


— 


— 


73.9 


94.7 


— 


— 


68.4 


81.2 


5322.05 


FE1 


126.4 


— 


119.3 


155.7 


114.4 


132.5 


104.1 


134.0 


5326.79 


FE1 


43.2 


36.3 


39.5 


— 


— 


51.3 


35.0 


— 


5339.94 


FE1 


168.0 


185.2 


173.6 


207.6 


181.7 


190.0 


166.1 


199.2 


5358.10 


FE1 


— 


— 


— 


— 


— 


— 


— 


— 


5367.47 


FE1 


158.2 


153.2 


— 


163.5 


150.2 


154.9 


— 


156.3 


5369.97 


FE1 


177.5 


— 


— 


191.8 


— 


177.3 


— 


179.8 


5568.81 


FE1 


44.8 


31.0 


35.3 


57.0 


43.8 


53.8 


31.1 


48.6 


5759.27 


FE1 


22.4 


16.3 


17.1 


31.3 


22.9 


26.1 


18.1 


25.2 


5760.35 


FE1 


64.0 


55.4 


64.3 


74.1 


64.2 


68.3 


48.0 


67.7 


5775.09 


FE1 


— 


— 


— 


— 


— 


— 


— 


— 


5778.47 


FE1 


78.1 


54.5 


63.3 


99.6 


75.7 


88.6 


62.4 


88.3 


5784.69 


FE1 


— 


54.3 


68.4 


90.2 


74.9 


83.4 


61.6 


87.3 


5838.42 


FE1 


59.5 


— 


53.0 


74.8 


53.6 


62.1 


46.3 


62.7 


5849.70 


FE1 


32.9 


22.2 


23.8 


47.1 


34.9 


38.8 


24.1 


40.4 


5852.19 


FE1 


86.9 


68.3 


74.2 


— 


— 


— 


73.5 


— 


5853.18 


FE1 


59.5 


35.8 


42.1 


89.2 


60.1 


74.1 


38.9 


75.8 


5855.09 


FE1 


52.5 


39.2 


44.2 


60.0 


46.0 


54.0 


45.4 


54.8 


5856.08 


FE1 


— 


— 


— 


— 


— 


— 


66.3 


— 


5858.77 


FE1 


47.8 


33.5 


38.6 


60.9 


39.5 


46.8 


32.7 


47.7 


5859.61 


FE1 


— 


— 


— 


— 


— 


— 


— 


— 


5862.36 


FE1 


— 


— 


— 


— 


— 


— 


— 


— 


6003.03 


FE1 


129.7 


116.0 


120.3 


138.8 


120.2 


128.9 


111.8 


127.7 


6007.96 


FE1 


— 


— 


— 


— 


— 


— 


— 


— 


6008.58 


FE1 


— 


— 


— 


— 


— 


— 


— 


— 


6015.25 


FE1 


42.1 


21.5 


24.6 


67.5 


37.0 


52.9 


23.2 


54.2 


6019.36 


FE1 


32.8 


16.1 


19.4 


50.4 


31.6 


38.2 


20.4 


39.9 


6024.07 


FE1 


144.1 


125.8 


130.2 


150.7 


131.3 


138.5 


127.0 


136.7 


6027.06 


FE1 


111.5 


96.4 


106.7 


120.2 


98.6 


110.4 


94.8 


109.5 


6034.04 


FE1 


— 


26.9 


18.7 


— 


31.3 


41.7 


20.3 


40.9 


6035.34 


FE1 


25.7 


14.9 


16.6 


34.8 


24.4 


31.0 


19.3 


31.0 


6054.10 


FE1 


31.1 


19.2 


24.7 


42.9 


29.2 


34.9 


21.8 


33.4 


6120.25 


FE1 


56.4 


33.8 


37.4 


96.9 


59.1 


78.5 


35.5 


79.9 


6151.62 


FE1 


118.5 


93.4 


101.7 


146.5 


111.5 


129.0 


92.8 


128.0 


6157.73 


FE1 


— 


110.1 


116.2 


157.3 


114.8 


— 


100.9 


— 


6165.37 


FE1 


91.3 


73.6 


81.1 


104.6 


83.9 


88.6 


71.5 


90.2 


6173.34 


FE1 


148.2 


122.3 


133.0 


180.2 


138.1 


158.0 


117.1 


156.4 


6475.63 


FE1 


135.0 


106.0 


106.2 


165.1 


108.5 


— 


102.9 


— 


6481.87 


FE1 


142.2 


115.9 


120.4 


172.5 


125.2 


149.0 


111.1 


150.2 


6483.94 


FE1 


— 


— 


— 


— 


— 


— 


— 


— 


6495.74 


FE1 


73.8 


74.6 


72.0 


95.4 


74.5 




67.2 


88.5 


o4yo.4/ 


rill 


IUj.O 


oU.j 




1 1 1 < 
111. J 


yj.o 


1U/.1 


1 1 

yi.i 


IUj.U 


6498.95 


FE1 


143.5 


115.7 


120.0 


202.5 


131.8 


164.5 


106.4 


160.8 


6627.56 


FE1 


68.8 


49.6 


53.3 


76.9 


59.3 


68.4 


54.4 


68.6 


6633.42 


FE1 




34.3 






52.3 








6633.76 


FE1 


100.5 




102.0 


110.8 


95.6 


101.3 


92.9 


102.4 


6646.98 


FE1 


66.6 




49.5 




54.7 


76.8 


41.4 


79.9 


6648.08 


FE1 
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Table A.2. continued. 



o 

A ( A) 


Element 


3532_100 


3532_122 


3532_596 


3532_670 


3680_13 


5822_1 


5822J>01 


5822J>40 


5132.67 


FE2 


64.0 


— 


63.4 


59.6 


46.4 


53.5 


52.9 


50.8 


5256.94 


FE2 


59.1 


— 


55.6 


— 


49.7 


— 


49.7 


— 


5264.81 


FE2 


82.8 


81.4 


84.4 


69.6 


62.7 


70.1 


— 


66.3 


5325.56 


FE2 


81.3 


86.2 


91.4 


76.0 


65.0 


63.1 


69.4 


64.6 


5414.08 


FE2 


56.2 


52.2 


57.1 


48.1 


39.6 


48.1 


49.5 


43.3 


5425.26 


FE2 


— 


68.7 


74.8 


60.2 


51.9 


59.4 


65.8 


57.5 


6084.10 


FE2 


54.7 


50.3 


55.7 


49.0 


38.6 


45.8 


43.3 


43.2 


6113.33 


FE2 


— 


33.9 


42.9 


— 


24.6 


30.8 


33.4 


30.8 


6129.70 


FE2 


— 


— 


— 


— 


— 


— 


— 


— 


6149.24 


FE2 


66.3 


64.7 


68.2 


55.9 


46.6 


48.8 


55.8 


48.9 


6247.56 


FE2 


86.5 


89.0 


87.7 


62.9 


57.7 


63.9 


75.4 


58.6 


6369.46 


FE2 


48.6 


41.1 


— 


37.8 


33.2 


40.4 


43.0 


— 


6416.93 


FE2 


69.7 


59.7 


68.9 


60.3 


53.8 


— 


62.5 


57.5 


6456.39 


FE2 


96.2 


103.6 


101.6 


74.2 


69.0 


78.3 


89.7 


69.9 


5301.04 


COl 


89.1 


59.7 


71.7 


— 


92.9 


104.1 


70.0 


106.3 


5325.28 


COl 


28.6 


18.4 


25.4 


40.7 


31.8 


35.1 


25.8 


35.8 


5342.70 


COl 


60.2 


52.7 


51.6 


75.3 


58.0 


65.7 


51.6 


68.4 


5352.05 


COl 


69.4 


57.6 


54.6 


85.0 


70.9 


76.3 


55.2 


76.3 


5359.20 


COl 


25.5 


— 


— 


30.5 


25.6 


27.1 


18.1 


27.2 


5369.59 


COl 


— 


95.5 


99.4 


— 


— 


131.6 


— 


— 


6117.00 


COl 


46.3 


31.1 


33.5 


84.0 


53.4 


68.6 


30.1 


68.4 


6490.34 


COl 


44.0 


26.5 


35.5 


85.7 


44.6 


38.0 


22.9 


53.2 


6632.47 


COl 


52.9 


35.5 


36.4 


86.0 


54.6 


68.2 


35.5 


69.8 


5137.08 


Nil 


166.6 


152.7 


157.0 


184.7 


169.4 


167.4 


150.3 


173.8 


5593.74 


Nil 


76.9 


66.5 


73.5 


85.0 


68.9 


74.7 


62.5 


75.0 


5760.83 


Nil 


72.5 


66.2 


71.7 


96.0 


67.0 


72.9 


60.1 


75.5 


5847.01 


Nil 


91.0 


67.0 


73.2 


118.5 


85.8 


100.5 


69.1 


105.3 


6007.31 


Nil 


88.1 


66.2 


69.3 


107.9 


77.2 


94.6 


64.9 


95.5 


6053.68 


Nil 


54.9 


44.1 


45.1 


62.6 


48.4 


50.5 


41.3 


52.0 


6111.06 


Nil 


69.8 


53.9 


59.4 


75.0 


60.5 


68.0 


60.3 


67.3 


6128.99 


Nil 


97.7 


68.1 


72.1 


127.6 


86.8 


106.3 


70.8 


106.1 


6130.13 


Nil 


47.7 


39.3 


40.1 


59.4 


42.6 


49.3 


35.8 


43.7 


wit 1 ^ 


MI 1 

IN 11 


J I .y 




jl.o 


Q 

00. y 


40. o 


JD.J 


Al ^ 
4 / .J 


A 


6643.64 


Nil 


181.0 


147.3 


156.6 


213.7 


170.6 


193.0 


151.6 


195.4 


5119.12 


Y2 


67.9 


52.7 


56.1 


80.2 


58.8 


71.8 


55.9 


69.3 


5289.82 


Y2 


36.6 


21.5 


33.5 


49.2 


22.6 


38.3 


23.2 


37.4 


5330.58 


CE2 


33.9 


23.8 


31.2 


64.0 


31.4 


45.8 


24.7 


48.7 


6043.39 


CE2 


27.4 


14.0 


15.6 


37.1 


18.9 


22.1 


13.4 


25.5 


6645.11 


EU2 


45.7 


28.5 


30.8 


51.8 


31.9 


43.8 


33.2 


41.4 
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Table A.3. Equivalent widths of the lines used in the abundance analysis of the stars NGC 5822.316, 443, NGC 6134.30, 99, 202, NGC 6181.3, 
4, NGC 6633.78, and 100. Lines with equivalent widths smaller than 10 mA and larger than 150 mA were not used. 



A (A) 


Elem. 


5822316 


5822.443 


6134.30 


6134.99 


6134302 


6181.1 


6181.4 


6633.78 


6633.100 


6154.22 


NA1 


73.8 


95.7 


94.6 


101.5 


105.4 


91.8 


86.7 


125.5 


80.8 


6160.75 


NA1 


98.9 


114.6 


113.2 


117.0 


121.4 


110.0 


106.1 


138.3 


102.1 


5528.42 


MG1 


232.4 


246.4 


246.4 


256.5 


256.7 


238.8 


243.0 


271.5 


234.4 


5711.09 


MG1 


136.7 


146.3 


145.7 


145.4 


147.5 


142.8 


144.8 


160.4 


136.7 


5772.15 


SI1 


- 


80.4 


86.9 


85.2 


84.6 


85.8 


89.8 


76.8 


83.1 


6125.03 


SI1 


47.6 


54.8 


53.8 


49.2 


55.5 


58.6 


60.4 


- 


49.6 


6131.58 


SI1 


34.6 


37.7 


41.8 


43.3 


37.2 


42.4 


46.0 


40.4 


39.4 


6131.86 


SI1 


39.7 


43.5 


39.8 


43.4 


40.3 


44.8 


42.5 


42.5 


38.1 


6142.53 


SI1 


46.6 


46.3 


50.8 


47.7 


46.6 


51.0 


56.3 


43.3 


48.0 


6145.08 


SI1 


49.8 


49.9 


54.3 


55.4 


48.8 


58.9 


62.8 


49.7 


51.4 


6155.14 


SI1 


97.2 


97.2 


106.3 


103.7 


97.7 


105.2 


109.5 


99.5 


101.1 


5867.57 


CA1 


50.7 


64.3 


56.9 


61.8 


65.5 


55.2 


55.6 


73.8 


51.7 


6122.23 


CA1 


205.2 


234.1 


217.8 


228.2 


245.7 


223.0 


225.4 


280.1 


209.5 


6156.03 


CA1 


24.1 


34.6 


26.5 


34.4 


41.6 


26.7 


32.8 


53.1 


24.3 


6161.29 


CA1 


- 


131.7 


121.1 


120.1 


136.3 


120.9 


123.4 


165.3 


- 


6166.44 


CA1 


103.0 


117.9 


110.7 


118.3 


122.6 


112.2 


115.8 


141.1 


105.6 


6169.04 


CA1 


125.2 


142.6 


138.9 


143.2 


150.5 


136.5 


137.9 


172.7 


131.1 


6169.56 


CA1 


140.4 


158.4 


153.3 


160.8 


164.6 


154.1 


158.0 


182.6 


147.1 


6493.78 


CA1 


154.7 


177.7 


171.2 


175.9 


181.1 


176.4 


179.7 


203.3 


164.6 


6499.65 


CA1 


120.2 


143.1 


133.5 


136.9 


148.4 


138.9 


135.9 


165.8 


127.4 


5318.34 


SC2 


42.2 


51.6 


47.0 


52.5 


47.4 


52.1 


55.6 


66.0 


49.5 


5334.22 


SC2 


10.5 


32.3 


30.5 


33.5 


31.7 


27.3 


26.2 


45.9 


26.9 


5145.47 


Til 


86.8 


111.0 


91.1 


107.5 


117.5 


93.2 


91.8 


141.3 


92.1 


5295.78 


Til 


50.8 


77.1 


59.9 


72.6 


78.5 


56.2 


58.0 


108.7 


57.5 


5299.98 


Til 


43.3 


- 


55.0 


- 


- 


- 


47.0 


- 


47.4 


5338.33 


Til 


35.3 


- 


- 


- 


- 


- 


37.8 


- 


39.3 


5351.07 


Til 


35.0 


46.8 


35.8 


40.7 


48.5 


38.2 


38.0 


66.4 


38.0 


5766.33 


Til 


27.1 


35.9 


36.4 


34.5 


41.6 


29.4 


29.0 


54.7 


27.6 


6121.01 


Til 


19.4 


41.2 


25.9 


37.7 


46.9 


25.5 


26.8 


75.3 


22.8 


6126.22 


Til 


67.9 


101.0 


79.6 


92.3 


104.6 


81.6 


81.1 


140.7 


73.9 


6497.68 


Til 


22.1 


45.5 


27.9 


42.4 


52.5 


30.4 


21.4 


80.0 


23.5 


5846.27 


VI 


16.7 


28.6 


18.4 


32.9 


27.9 


17.4 


18.8 


45.7 


14.2 


6002.65 


VI 


- 


38.3 


- 


33.5 


45.3 


- 


19.8 


72.2 


- 


6039.69 


VI 


51.5 


81.2 


63.0 


79.1 


91.0 


58.6 


55.1 


121.4 


55.6 


6111.65 


VI 


47.8 


92.9 


64.3 


80.0 


105.1 


58.5 


56.2 


142.8 


52.1 


6119.53 


VI 


66.8 


96.0 


77.4 


98.7 


97.4 


79.6 


79.6 


133.1 


73.1 


6135.37 


VI 


46.3 


83.6 


59.2 


75.0 


92.8 


55.9 


58.1 


123.4 


51.5 


6150.15 


VI 


52.2 


101.2 


58.0 


91.9 


116.8 


67.5 


63.9 


155.8 


59.1 


6504.19 


VI 


39.3 


66.2 


54.0 


61.2 


73.6 


50.0 


44.5 


99.2 


43.7 


5303.22 


V2 


22.4 


34.0 


25.8 


31.6 


26.9 


31.7 


34.2 


49.0 


32.4 


6028.28 


V2 


14.5 


18.5 


17.9 


22.1 


19.5 


18.8 


16.4 


27.0 


19.3 


5122.12 


CR1 


55.6 


86.9 


67.0 


80.9 


94.8 


62.4 


65.8 


- 


59.9 


5296.69 


CR1 


146.2 


175.3 


155.8 


169.7 


182.7 


162.5 


166.3 


226.4 


155.2 


5300.75 


CR1 


104.8 


129.9 


117.5 


124.0 


134.0 


118.9 


118.2 


158.5 


112.4 


5304.18 


CR1 


37.5 


47.4 


42.1 


48.0 


51.8 


36.5 


39.8 


68.5 


42.8 


5312.88 


CR1 


44.3 


56.0 


53.2 


58.0 


56.2 


44.7 


47.6 


70.9 


46.4 


5318.78 


CR1 


37.5 


50.3 


- 


51.0 


53.5 


37.4 


37.0 


77.7 


39.9 


5329.12 


CR1 


113.1 


129.0 


- 


131.1 


134.6 


113.3 


117.8 


158.4 


117.7 


5340.44 


CR1 


38.1 


49.5 


43.9 


49.4 


53.6 


47.3 


32.4 


65.8 


39.5 


5348.32 


CR1 


142.3 


174.7 


159.4 


- 


177.0 


162.8 


162.4 


212.3 


152.2 


5783.07 


CR1 


66.7 


75.8 


72.1 


80.2 


83.8 


69.0 


70.9 


93.5 


64.6 


5783.87 


CR1 




















5787.99 


CR1 


77.5 


90.6 


85.0 


93.1 


95.6 


78.4 


87.6 


100.8 


81.9 


5788.39 


CR1 


21.5 


34.8 


31.6 


34.6 


47.2 


23.6 


29.8 


59.8 


29.0 


5844.61 


CR1 


17.6 


31.5 


25.0 


32.8 


34.5 


23.0 


20.7 


49.6 


21.5 


5863.96 


CR1 




18.9 




23.0 


32.5 






34.1 




6135.78 


CR1 


31.8 


42.5 


41.7 


41.8 


44.2 


37.0 


35.8 


55.7 


32.7 


6501.21 


CR1 


23.9 










34.8 


30.0 


79.5 


28.9 


6630.02 


CR1 
















109.7 
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Table A.3. continued. 



o 

A (A) 


Elem. 


5822_316 


5822_443 


6134.30 


6134.99 


6134^02 


6181.1 


6181.4 


6633.78 


6633.100 


5305.87 


CR2 


49.9 


49.9 


48.4 


55.5 


39.2 


58.8 


57.3 


53.4 


56.1 


5310.70 


CR2 


29.5 


27.3 


32.4 


30.0 


23.5 


34.5 


41.5 


32.3 


32.2 


5313.59 


CR2 


65.3 


57.6 


67.3 


64.1 


36.4 


67.6 


70.9 


69.0 


66.8 


5334.88 


CR2 


58.1 


61.5 


58.1 


59.0 


55.3 


67.0 


69.8 


60.3 


65.1 


5133.69 


FE1 


179.1 


197.9 


185.2 


201.7 


191.4 


189.1 


186.1 


207.8 


183.7 


5141.75 


FE1 


122.5 


159.4 


128.3 


159.2 


163.3 


150.4 


150.3 


183.2 


144.6 


5143.73 


FE1 


79.7 


103.0 


84.0 


— 


— 


87.5 


86.6 


— 


85.2 


5293.97 


FE1 


62.1 


73.6 


68.2 


75.2 


64.0 


68.1 


70.6 


81.9 


65.3 


5294.55 


FE1 


30.1 


52.6 


47.5 


54.2 


53.5 


43.8 


45.9 


68.5 


43.8 


5295.32 


FE1 


57.1 


61.5 


59.8 


65.1 


61.7 


59.1 


61.6 


73.1 


62.7 


5307.36 


FE1 


138.5 


167.0 


154.0 


164.8 


165.9 


163.1 


159.1 


198.4 


154.9 


5315.07 


FE1 


67.6 


78.3 


74.4 


71.1 


74.6 


76.6 


— 


— 


66.5 


5320.05 


FE1 


48.0 


59.9 


56.5 


62.4 


— 


54.4 


— 


71.0 


52.9 


5321.11 


FE1 


— 


— 


— 


— 


— 


— 


— 


90.1 


74.6 


5322.05 


FE1 


106.0 


125.6 


117.9 


124.8 


125.5 


121.0 


122.1 


149.7 


117.9 


5326.79 


FE1 


40.7 


— 


42.5 


— 


— 


37.0 


37.0 


— 


42.5 


5339.94 


FE1 


160.8 


185.5 


163.2 


175.1 


184.9 


181.2 


181.6 


202.2 


171.6 


5358.10 


FE1 


— 


— 


— 


— 


— 


— 


— 


— 


— 


5367.47 


FE1 


— 


154.4 


155.2 


160.7 


155.2 


157.5 


163.0 


157.8 


152.6 


5369.97 


FE1 


— 


170.5 


— 


— 


171.0 


— 


— 


181.5 


— 


5568.81 


FE1 


33.3 


44.1 


42.5 


42.0 


51.5 


38.4 


39.0 


54.1 


37.4 


5759.27 


FE1 


17.6 


24.0 


22.3 


22.9 


25.4 


19.1 


18.6 


27.8 


20.4 


5760.35 


FE1 


48.3 


62.1 


59.6 


60.4 


66.5 


54.8 


63.9 


71.8 


53.4 


5775.09 


FE1 


— 


— 


— 


— 


— 


— 


— 


— 


— 


5778.47 


FE1 


65.1 


79.8 


72.1 


79.8 


82.7 


71.3 


70.5 


99.3 


67.4 


5784.69 


FE1 


64.4 


77.3 


67.9 


75.9 


78.5 


70.2 


— 


92.4 


66.9 


5838.42 


FE1 


42.9 


55.0 


56.8 


57.7 


58.1 


51.7 


53.4 


68.9 


48.7 


5849.70 


FE1 


24.4 


33.6 


31.7 


41.2 


40.2 


27.0 


29.9 


48.0 


31.5 


5852.19 


FE1 


71.3 


— 


78.8 


— 


— 


79.4 


80.8 


— 


73.9 


5853.18 


FE1 


35.1 


62.4 


47.0 


54.4 


65.1 


45.6 


45.2 


83.7 


42.5 


5855.09 


FE1 


43.6 


52.8 


48.9 


53.2 


52.5 


46.1 


— 


58.5 


44.3 


5856.08 


FE1 


— 


— 


— 


— 


— 


— 


— 


— 


— 


5858.77 


FE1 


33.5 


43.2 


31.1 


45.3 


45.0 


36.6 


33.4 


52.6 


39.0 


5859.61 


FE1 


— 


— 


— 


— 


— 


— 


— 


— 


— 


5862.36 


FE1 




— 


— 


— 


— 


— 


— 


— 


— 


6003.03 


FE1 


1 14.8 


124.2 


120.0 


122.0 


— 


124.6 


125.0 


138.6 


115.3 


6007.96 


FE1 


— 


— 


— 


— 


— 


— 


— 


— 


— 


6008.58 


FE1 


— 


— 


— 


— 


— 


— 


— 


— 


— 


6015.25 


FE1 


26.6 


42.4 


31.8 


38.2 


46.8 


29.6 


26.2 


67.1 


26.2 


6019.36 


FE1 


23.2 


30.9 


31.8 


34.7 


37.7 


24.0 


20.8 


47.0 


20.8 


6024.07 


FE1 


129.0 


134.9 


139.1 


136.7 


137.0 


137.5 


144.1 


147.9 


129.8 


6027.06 


FE1 


101.2 


106.5 


104.2 


105.3 


106.9 


111.7 


114.0 


117.1 


102.6 


6034.04 


FE1 


29.4 


34.1 


36.5 


33.1 


37.2 


25.0 


25.2 


41.0 


21.9 


6035.34 


FE1 


20.8 


22.8 


24.4 


25.1 


30.1 


21.4 


18.6 


36.8 


19.4 


6054.10 


FE1 


25.1 


30.0 


28.2 


31.8 


33.8 


25.7 


25.8 


38.5 


24.4 


6120.25 


FE1 


32.7 


65.1 


43.3 


50.6 


68.8 


46.6 


42.3 


91.0 


37.5 


6151.62 


FE1 


96.1 


116.4 


102.0 


108.5 


116.5 


111.3 


113.8 


139.8 


100.3 


6157.73 


FE1 


104.4 


120.2 


112.0 


117.4 


— 


— 


— 


— 


110.0 


6165.37 


FE1 


75.4 


84.9 


82.8 


90.1 


87.2 


85.3 


89.2 


98.8 


77.9 


6173.34 


FE1 


121.0 


144.9 


128.2 


141.2 


144.4 


140.0 


144.2 


168.9 


128.3 


6475.63 


FE1 


101.1 


128.9 


114.4 


114.7 


117.2 


122.9 


119.9 


158.7 


116.5 


6481.87 


FE1 


111.7 


139.4 


118.5 


129.5 


135.9 


133.2 


133.7 


164.2 


117.2 


6483.94 


FE1 


— 


— 


— 


— 


— 


— 


— 


— 


— 


6495.74 


FE1 


65.7 


80.8 


69.8 


73.1 


85.2 


80.9 


76.8 


91.3 


67.1 


o4yo.4/ 


rrll 


oo. U 


1 Al 1 

1U1.1 


y /.y 


ys.y 


1UZ.U 


y / .j 


y / .j 


l lo. / 


1UU.1 


6498.95 


FE1 


103.6 


143.8 


112.8 


131.1 


140.7 


131.3 


130.2 


179.6 


116.0 


6627.56 


FE1 


51.3 


65.1 


59.6 


64.7 


65.1 




60.8 


72.8 


58.2 


6633.42 


FE1 


50.9 
















54.8 


6633.76 


FE1 


95.0 


98.2 


95.8 


97.0 


99.3 


102.5 




104.7 


100.0 


6646.98 


FE1 


40.8 


63.7 


55.6 


61.4 


67.9 


58.8 








6648.08 


FE1 
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Table A.3. continued. 



o 

A (A) 


Elem. 


5822_316 


5822_443 


6134.30 


6134.99 


6134J>02 


6181_1 


6181_4 


6633_78 


6633_100 


5132.67 


FE2 


52.8 


53.8 


53.9 


56.6 


55.9 


61.1 


65.7 


51.6 


55.9 


5256.94 


FE2 


48.6 


— 


54.5 


50.7 


— 


59.2 


63.8 


— 


52.6 


5264.81 


FE2 


— 


71.1 


75.1 


70.8 


67.9 


87.6 


— 


68.0 


78.0 


5325.56 


FE2 


70.1 


70.4 


70.2 


74.4 


— 


85.2 


90.7 


71.5 


80.4 


5414.08 


FE2 


52.1 


48.3 


49.6 


45.8 


43.5 


61.3 


64.5 


44.5 


53.0 


5425.26 


FE2 


— 


62.9 


65.4 


63.6 


59.5 


76.6 


— 


57.7 


66.8 


6084.10 


FE2 


45.3 


46.4 


46.1 


— 


— 


59.4 


61.7 


46.7 


50.5 


6113.33 


FE2 


33.3 


32.6 


— 


37.6 


— 


41.5 


— 


37.7 


— 


6129.70 


FE2 


— 


— 


— 


— 


— 


— 


— 


— 


— 


6149.24 


FE2 


— 


51.6 


56.9 


57.0 


47.4 


66.6 


74.2 


50.1 


59.8 


6247.56 


FE2 


78.2 


69.9 


— 


68.0 


62.5 


91.2 


95.3 


60.7 


76.8 


6369.46 


FE2 


44.6 


42.4 


44.2 


43.4 


35.4 


51.8 


55.4 


38.4 


43.4 


6416.93 


FE2 


61.7 


59.6 


— 


61.9 


56.6 


72.2 


74.8 


62.7 


62.8 


6456.39 


FE2 


89.7 


84.4 


91.1 


89.9 


79.3 


103.6 


106.7 


71.7 


90.6 


5301.04 


COl 


67.9 


95.0 


82.7 


88.6 


96.8 


80.7 


80.9 


121.5 


75.7 


5325.28 


COl 


24.9 


30.5 


33.7 


37.8 


35.5 


27.7 


26.5 


41.4 


30.3 


5342.70 


COl 


— 


63.6 


57.9 


63.7 


63.8 


59.3 


58.8 


73.9 


57.7 


5352.05 


COl 


51.0 


71.0 


66.2 


73.0 


74.8 


67.6 


62.5 


85.3 


63.2 


5359.20 


COl 


18.1 


24.5 


— 


24.1 


— 


21.2 


21.1 


30.9 


20.2 


5369.59 


COl 


— 


— 


— 


— 


— 


108.1 


— 


— 


— 


6117.00 


COl 


28.7 


54.9 


39.1 


48.4 


60.9 


42.0 


41.3 


82.2 


33.2 


6490.34 


COl 


21.6 


46.0 


33.9 


34.5 


47.5 


19.1 


21.2 


67.3 


29.5 


6632.47 


COl 


36.3 


57.4 


42.2 


54.2 


59.9 


49.9 


44.2 


80.7 


43.5 


5137.08 


Nil 


152.3 


172.6 


147.7 


161.5 


— 


161.0 


162.3 


172.9 


147.8 


5593.74 


Nil 


67.3 


75.1 


75.6 


76.5 


76.4 


76.9 


78.5 


80.1 


70.3 


5760.83 


Nil 


59.6 


72.9 


68.3 


72.0 


74.1 


68.0 


79.3 


87.2 


62.5 


5847.01 


Nil 


65.8 


91.7 


81.1 


89.3 


92.0 


82.9 


81.7 


114.7 


73.5 


6007.31 


Nil 


68.3 


— 


75.6 


80.8 


87.0 


78.1 


— 


104.5 


70.6 


6053.68 


Nil 


39.1 


45.5 


48.6 


50.3 


53.2 


48.2 


49.8 


58.9 


42.1 


6111.06 


Nil 


55.6 


68.2 


67.2 


68.1 


70.8 


67.4 


66.1 


73.7 


61.7 


6128.99 


Nil 


67.4 


93.1 


78.0 


89.4 


95.0 


83.5 


88.8 


119.0 


75.7 


6130.13 


Nil 


38.6 


46.6 


44.0 


47.0 


44.5 


45.2 


48.9 


46.8 


38.7 


OOJJ. 1 J 


MI 1 

IN 11 


/1Q O 


JO. J 


J / .U 


JO. J 


J / .y 




jo.Z 


OU.U 


jj.j 


6643.64 


Nil 


150.5 


180.8 


162.1 


172.3 


178.8 


177.8 


174.4 


208.8 


162.1 


5119.12 


Y2 


52.9 


60.4 


51.8 


58.1 


57.7 


63.6 


67.4 


71.2 


56.5 


5289.82 


Y2 


24.2 


33.4 


25.6 


31.2 


28.0 


32.4 


35.1 


51.8 


32.7 


5330.58 


CE2 


27.8 


37.5 


25.8 


29.9 


30.7 


31.3 


33.1 


61.8 


33.6 


6043.39 


CE2 


14.2 


21.2 


17.4 


20.4 


19.3 


20.4 


18.6 


29.5 


14.5 


6645.11 


EU2 


24.0 


37.8 


29.8 


33.9 


35.2 


47.6 


46.0 


55.4 


38.1 
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Table A.4. Equivalent wid ths of the additional F en lines used in the abundance analysis of the stars NGC 2360.7, 50, 62, NGC 2447 _28, 34, and 
41, previously analized by Hamd anT et al.l feOOOT) . Lines with equivalent widths smaller than 10 mA and larger than 150 mA were not used. 



A (A) 


Elem. 


X (eV) 


log gf 


2360_7 


2360.50 


2360.62 


2360.86 


2447.28 


244734 


2447.41 


5132.67 


FE2 


2.79 


-4.110 


46.1 


51.9 


49.5 


44.7 


51.2 


46.6 


48.5 


5256.94 


FE2 


2.89 


-4.050 


- 


- 


- 


- 


- 


- 


- 


5264.81 


FE2 


3.23 


-3.200 


- 


- 


59.3 


63.2 


- 


76.9 


- 


5325.56 


FE2 


3.22 


-3.160 


71.7 


69.7 


67.2 


65.0 


74.6 


74.1 


72.0 


5414.08 


FE2 


3.22 


-3.650 


48.8 


49.0 


40.6 


44.3 


58.8 


- 


45.5 


5425.26 


FE2 


3.20 


-3.220 


70.4 


58.5 


55.0 


- 


70.0 


62.6 


61.3 


6084.10 


FE2 


3.20 


-3.760 


49.2 




34.2 




52.3 


45.5 


44.1 


6113.33 


FE2 


3.22 


-4.110 


30.6 


28.5 


24.9 


26.9 


35.6 


33.6 


33.5 


6129.70 


FE2 


3.20 


-4.601 






14.8 










6149.24 


FE2 


3.89 


-2.700 


58.0 


50.9 


51.4 


51.7 


57.4 


57.5 


55.1 


6247.56 


FE2 


3.89 


-2.310 


73.0 


74.6 


62.6 


69.8 


82.1 


77.9 


75.9 


6369.46 


FE2 


2.89 


-4.150 


41.1 


30.5 


28.6 




42.6 


41.5 


39.9 


6416.93 


FE2 
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